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The Concise Dictionary of Biology is 
derived from the Concise Science 
Dictionary, published in 1984. It covers 
commonly encountered terms and 
concepts in biology, biophysics, and 
biochemistry, and key terms from 
medicine and palaeontology. 

The entries are written in a clear and 
explanatory style to provide both 
straightforward definitions and 
invaluable background information. 
This approach, combined with an 
extensive cross-referencing system, 
enables the reader to place each entry 
in a broader scientific context. Line 
drawings are included whenever the 
meaning of a word can best be conveyed 
by means of a diagram, and a range of 
tables of essential scientific information 
is provided. 

The dictionary will be of value to 
non-scientists who require concise and 
accurate definitions of biological terms 
to students of biology (particularly 
those studying at school and first-year 
university level), and to scientists 
seeking an accessible reference source 
for words encountered in disciplines 
other than their own. 
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Preface 


This dictionary is derived from the Concise Science Dictionary, 
published by Oxford University Press in 1984. It consists of all the 
entries relating to biology and biochemistry in this dictionary, together 
With those entries relating to geology that are required for an under- 
standing of palaeontology and a few entries relating to physics and 
chemistry that are required for an understanding of the physical and 
chemical aspects of biology. This dictionary also includes a selection of 
the words used in medicine and palaeoanthropology. 

The more chemical aspects of biochemistry and the chemistry itself 
will be found in the Concise Dictionary of Chemistry; this and the 
Concise Dictionary of Physics are companion volumes to this dic- 
tionary. 

SI units are used throughout this book and its companion volumes. 
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abdomen The posterior region of the body 
trunk of animals. In vertebrates it contains 
the stomach and intestines and the organs 
of excretion and reproduction. It is particu- 
larly well defined in mammals, being sepa- 
rated from the *thorax by the "diaphragm. 
In many arthropods, such as insects and 
spiders, it may be segmented. 


Vies The origin of living from non- 
iving matter, as by *biopoiesis. See also 
spontaneous generation. 


ABO system One of the most important 
une *blood group systems. The system is 

on the presence or absence of *anti- 
gens A and B on the surface of red blood 
cells and *antibodies against these in blood 
Serum. A person whose blood contains ci- 
ther or both these antibodies cannot receive 
a transfusion. of blood containing the corre- 
Sponding antigens as this would cause thc 
red cells to clump (see agglutination). The 
table illustrates the basis of the system: peo 
ple of blood group O are described as “uni 
versal donors’ as they can give blood to 
those of any of the other groups. See also 
immune response. 


Group Antigens on red 


cell surface 


Antibodies 
in serum 


ACCOMMODATION 


abscisic acid A naturally occurring plant 
*growth substance that promotes leaf age- 
ing, leaf fall (see abscission), and "apical 
dominance and induces *dormancy in seeds 
and buds. 


abscission The separation of a leaf, fruit, 
or other part from the body of a plant. The 
process is controlled by growth substances, 
notably *abscisic aci it involves the for- 
mation of an abscission zone, at the base of 
the part, within which a layer of cells (ab- 
scission layer) breaks down. 


absorption The movement of fluid or a 
dissolved substance across à cell membrane. 
In animals, for example, soluble food mate- 
rial is absorbed into the circulatory system 
through cells lining the alimentary canal. In 
plants, water and mineral salts are absorbed 
from the soil by the *roots. See osmosis. 


absorption spectrum See spectrum. 


abyssal zone The lower depths of the 
ocean (below- approximately 2000 metres), 
where there is effectively no light penetra- 
tion. Abyssal organisms are adapted for liv- 
ing under high pressures in cold dark condi- 
tions. 

1. (in animal physiology) 
which the focal length of 
changed so that clear 


accommodation 
The process by 
the ‘lens of the eye is 


Blood group of 
people donor can 
give blood to 


Blood group of 
people donor can 
receive blood from 


A anti-B A, AB 
B anti-A B, AB 
eS A and B none AB 
o neither A nor B anti-A and A, B, AB, O 


anti-B 


1 


The ABO blood group system 


ACELLULAR 


images of objects at a range of distances are 
displayed on the retina. In man and some 
other mammals accommodation is achieved 
by reflex adjustments in the shape of the 
lens brought about by relaxation and con- 
traction of muscles within the ‘ciliary body. 
2. (in botany) The ability of a plant to 
adapt itself to gradually changing environ- 
mental conditions. 3.' (in animal behaviour) 

` The psychological adjustment made by an 
animal in response to continuously changing 
environmental conditions. 


acellular Describing tissues or organisms 
that are not made up of separate cells but 
often have more than one nucleus. Exam- 
ples of acellular structures are muscle fibres. 
Compare unicellular. 


acetic acid (ethanoic acid) A carboxylic 
acid, CH,COOH, that, when.combined with 
“coenzyme A (to form acetyl coenzyme A), 
plays a crucial role in energy metabolism. 


acetone See ketone body. 


acetylcholine A substance that is released 
at some (cholinergic) nerve endings (see 
neurotransmitter). Its function is to pass on 
@ nerve *impulse to the next nerve (ie. at a 
*synapse) or to initiate muscular contrac- 
tion. Once acetylcholine has been released it 
has only a transitory effect because it is 
rapidly broken down by the enzyme 
acetylcholinesterase. 


achene A dry indehiscent fruit formed 
from a single carpel and containing a single 
seed. An example is the feathery achene of 
clematis. Variants of the achene include the 
“caryopsis, *cypsela, *nut, and *samara. See 
also etaerio. 


acid—base balance The regulation of the 
Concentrations of acids and bases in blood 
and other body fluids so that the “pH re- 
mains within a physiologically acceptable 
Tange. This is achieved by the presence of 


natural *buffer systems, such as the haemo- 
globin, bicarbonate ions, and carbonic acid 
in mammalian blood. By acting in conjunc- 
tion, these effectively mop up excess acids 
and bases and therefore prevent any large 
shifts in blood pH. The acid—base balance 
is also influenced by the selective removal 
of certain ions by the kidneys and the ‘rate 
of removal of ¢arbon dioxide from the 
lungs. 


acidic stains See staining. 
acid rain See pollution, 


acquired characteristics Features that are 
developed during the lifetime of an individ- 
ual, e.g. the enlarged arm muscles of a ten- 
nis player. It is a basic tenet of current evo- 
lutionary thought that such characteristics 
are not genetically controlled and cannot be 
passed on to the next generation, See also 
Lamarckism; neo-Lamarckism. 


acrosome See spermatozoon. 


ACTH (adrenocorticotrophic hormone, 
corticotrophin) A hormone produced by 
the anterior *pituitary gland in response to 
stress that controls secretion of certain hor- 
mones (the *corticosteroids) by the adrenal 
glands. It can be administered by injection 
to treat such disorders as rheumatic diseases 
and asthma, but it only relieves symptoms 
and is not a cure. 


actinomorphy See radial symmetry. 


actinomycetes A group of Gram-positive 
mostly anaerobic nonmotile bacteria. All 
Species are fungus-like, with filamentous 
cells producing reproductive spores on aerial 
branches similar to the spores of certain 
moulds. The group includes bacteria of the 
genera Actinomyces, some species of which 
cause disease in animals and man; and 
Streptomyces, which are a source of many 


important antibiotics (includi 
a (including streptomy- 


Sm mental The change in electrical 
de at occurs across a cell membrane 
peed 3t passage of a nerve *impulse. As 
sig a = travels in a wavelike manner 
c xs d axon of a nerve, it causes a lo- 
teris transient switch in electrical po- 
ES CES the cell membrane from -60 
enor volts) to +45 mV. Nervous stimu- 

a muscle fibre has a similar effect. 


acti 

b SERER A graphical plot of the 
xb oy of electromagnetic radiation in 
ae xd a photochemical reaction against 
bri E. length of the radiation used. For 
ae ^ the action spectrum for photosyn- 
eee light Shows a peak in the region 
Sn ae This corresponds to à maxi- 
iex sorption in the absorption *spec- 

of chlorophylls in this region. 


qiia The site on the surface of an 
rane pees that binds the substrate 
es TM $ properties of an active site 
anei T by the three-dimensional ar- 
SES x the polypeptide chains of the 
These gov their constituent amino acids. 
ar’ ie ern the nature of the interaction 

es place and hence the degree of 


Substrate specifici = ad 
si E Ed and susceptibility to 


acti 
ie, eee The movement of sub- 
often rough membranes in living cells, 
PERCENT concentration gradient: à 
Wie E metabolic energy. Organic 
m pe and inorganic ions are transport- 
panelles ^ out of both cells and their Or- 
binds x t is thought that the substance 
pes carrier protein embedded in the 
mentee, which carries it through the 
Nit Pes and releases it on the opposite 
tain the Ne transport serves chiefly to main- 
pecially oral balance of ions in cells, €s- 
me e concentration gradients of sodi- 
potassium ions crucial tO the 


ADENOSINE 


activity of nerve and muscle cells. Compare 
facilitated diffusion. 


adaptation 1. (in evolution) Any change in 
the structure Or functioning of an organism 
that makes it better suited to its environ- 
ment. *Natural selection of inheritable ad- 
aptations ultimately leads to the develop- 
ment of new species. Increasing adaptation 
of a species to a particular environment 
tends to diminish its ability to adapt to any 
sudden change in that environment. 2. (in 
physiology) The alteration in the degree of 
sensitivity (either an increase Or à decrease) 
of a sense organ to suit conditions more €x- 
treme than normally encountered. An exam- 
ple is. the adjustment of the eye to vision in 
very bright or very dim light. 


adaptive radiation (divergent evolution) 
The evolution from one species of ani 

number of different forms. As 
the original population increases in size it 


adapted to its particular habitat: eventually 
these populations will differ from each other 
sufficiently to become new species. A good 
example of this process is the evolution of 
the Australian marsupials into species 
adapted as carnivores, herbivores, burrowers, 
fliers, etc. On a smaller scale, the adaptive 
radiation of the Galapagos finches provided 
Darwin with crucial evidence for his theory 
of evolution (see Darwin's finches). 


adenine A “purine derivative. It is one of 
the major component bases of *nucleotides 
and the nucleic acids *DNA and *RNA. 


ide comprising one ad- 


mol 
adenosine, AMP, ADP, and *ATP, are of 


fundamental biological importance as carri- 
ers of chemical energy- 


ADENOSINE DIPHOSPHATE 
adenosine diphosphate (ADP) See ATP. 


adenosine monophosphate (AMP) See 
ATP. 


adenosine triphosphate See ATP. 


adenovirus One of a group of DNA-con- 
taining viruses found in rodents, fowl, cat- 
tle, monkeys, and man. In man they pro- 
duce acute respiratory-tract infections with 
symptoms resembling those of the common 
cold. They are also implicated in the forma- 
tion of tumours (see oncogenic). 


ADH (antidiuretic hormone) See vaso- 
pressin. 

) 
adipose tissue A body tissue comprising 
cells containing *fat and oil. It is found 
chiefly below the skin (see subcutaneous tis- 
suc) and around major organs (such as the 
kidneys and heart), acting as an energy re- 
serve and also providing insulation and pro- 
tection. 


ADP See ATP. 


adrenal glands A pair of endocrine glands 
Situated immediately above the kidneys 
(hence they are also known as the suprare- 
nal glands). The inner Portion of the ad- 
Tenals, the medulla, secretes the hormones 
“adrenaline and “noradrenaline; the outer 
cortex secretes smal} amounts of sex hor- 
mones (*androgens and *oestrogens) and 
various *corticosteroids, which have a wide 
Tange of effects on the body. See also 
ACTH. 


adrenaline (epinephrine) A hormone, pro- 
duced by the medulla of the *adrenal 
glands, that increases heart activity, im- 
proves the power and prolongs the action of 
muscles, and increases the rate and depth of 
breathing to prepare the body for ‘fright, 
flight, or fight’. At the same time it inhibits 
digestion and excretion, Similar effects are 


produced by stimulation of the *sympathetic 
nervous system. Adrenaline can be adminis- 
tered by injection to relieve bronchial asth- 
ma and reduce blood loss during surgery by 
constricting blood vessels. 


adrenergic Describing a nerve fibre that ei- 
ther releases *adrenaline or *noradrenaline 
when stimulated or is itself stimulated by 
these substances. Compare cholinergic, 


adrenocorticotrophic 
ACTH. 


hormone See 


adsorption The formation of a layer of sol- 
id, liquid, or gas on the surface of a solid 
or, less frequently, of a liquid. There are 
two types depending on the nature of the 
forces involved. In chemisorption a single 
layer of molecules, atoms, or ions is at- 
tached to the adsorbent surface by chemical 
bonds. In physisorption adsorbed molecules 
are held by the weaker physical forces. The 
Property is utilized in adsorption *chroma- 
tography. 


adventitious Describing organs or other 
structures that arise in unusual positions. 
For example, ivy has adventitious roots 
growing from its stems. 


aerobe See aerobic respiration. 


aerobic respiration A type of “respiration 
in which foodstuffs (usually carbohydrates) 
are completely oxidized to carbon dioxide 
and water, with the release of chemical en- 
ergy, in a process requiring atmospheric ox- 
YBen. The reaction can be summarized by 
the equation: 
CoH\20, + 60, 5 6CO, + 6H,0 + 
energy 

Most organisms have aerobic respiration 
(ie. they are aerobes); exceptions include 
certain bacteria and yeasts. Compare anaer- 
Obic respiration. 


aerotaxis See taxis. 


aestivation 1. (in zoology) A state of inac- 
ay occurring in some animals, notably 
lungfish, during prolonged periods of 
drought or heat. Feeding, respiration, move- 
ment, and other bodily activities are consid- 
erably slowed down. See also dormancy. 
Compare hibernation. 2. (in botany) The ar- 
rangement of the parts of a flower bud, es- 
Pecially of the sepals and petals. 


afferent Carrying (nerve impulses, blood, 
etc.) from the outer regions of a body or 
eee towards its centre. The term is usual- 
s applied to types of nerve fibres or blood 
'essels. Compare efferent. 


naa Any of four related toxic com- 

Hos red by the mould Aspergillus 

aia latoxins bind to DNA and prevent 

E ion and transcription. They can 

a peus liver damage and cancers: man 

e. pi by eating stored peanuts 
s contaminated with the mould. 


duet The *placenta, *umbilical . cord, 
Eran, membranes, which are 
eat from the womb after a mammalian 
ihe ds born. In most nonhuman mammals 
BER ind which contains nutrients and 
SS RES attract predators, is eaten 


Agamospermy See apomixis. 


man extract of certain species of red 
Ree that is used as a gelling agent in 
ih biological *culture media, foodstuffs, 
NLIS and cosmetic creams and jellies. 
beet cant consists of a broth made from 
us aes or blood that is gelled with 
aes used for the cultivation of bacte- 
ungi, and some algae. 


oe The clumping together by 
(anti es of microscopic foreign particles 
rial nee such as red blood cells or bacte- 
precipi t they form a visible pellet-like 

tate. Agglutination is a specific reac- 


AGNATHA 


tion, ie. a particular antigen will only 
clump'in the presence of its specific an- 
tibody; it therefore provides a means of 
identifying unknown bacteria and determin- 
ing *blood group. When red cells of incom- 
patible blood groups (eg. group A and 
group B — see ABO system) are mixed to- 
gether agglutination of the cells occurs 
(haemagglutinatión). 


aggression Behaviour aimed at intimidating 
or injuring another animal of the same or a 
competing species. Aggression between indi- 
viduals of the same species often starts with 
a series of ritualized displays or contests 
that can end at any stage if one of the com- 
batants withdraws, leaving the victor with 
access to a disputed resource (e.g. food, a 
mate, or *territory) or with increased social 
dominance (see dominant). It is also often 
seen in “courtship. Aggression or threat dis- 
plays usually appear to exaggerate the per- 
former’s size or strength; for example, many 
fish erect their fins and mammals and birds 
may erect hairs or feathers. Special mark- 
ings may be prominently exhibited, and in- 
tention movements may be made: dogs bare 
their teeth, for example. Some animals have 
evolved special structures for use in aggres- 
sive interactions (€.g- antlers in deer) but 
these are seldom used to cause actual inju- 
ry; the opponent usually flees first or 
adopts *appeasement postures. Fights ‘to 
the death’ are comparatively rare. See dis- 
play behaviour; ritualization. 


Agnatha A class of marine and freshwater 
vertebrates that lack jaws. They are fishlike 
animals with cartilaginous skeletons and 
well-developed sucking mouthparts with 
horny teeth. The only living agnathans are 
lampreys and hagfishes (order Cyclosto- 
mata), which are parasites or scavengers. 
Fossil agnathans, covered in an armour of 
bony plates, are the oldest known fossil 
vertebrates. They have been dated from the 
Silurian and Devonian periods, 440-345 
million years ago. 


AIR BLADDER 
air bladder See swim bladder. 
alanine See amino acid. 


albinism Hereditary lack of pigmentation 
in an organism. Albino animals and human 
beings have no colour in their skin, hair, or 
eyes (the irises appear pink from underlying 
blood vessels). The *allele responsible is *re- 
cessive to the allele for normal pigmenta- 
tion. 


albumen See albumin. 


albumin (albumen) One of a group of 
globular proteins that are soluble in water 
but form insoluble coagulates when heated. 
Albumins occur in egg white, blood, milk, 
and plants. Serum albumins, which consti- 
tute about 55% of blood plasma protein, 
help regulate the osmotic pressure and 
hence plasma volume. They also bind and 
transport fatty acids. a-lactalbumin is one 
of the proteins in milk. 


albuminous cell See companion cell. 
alburnum See sapwood. 

aldohexose See monosaccharide. 
aldose See monosaccharide. 


aldosterone A hormone produced by the 
adrenal glands (see corticosteroid) that con- 
trols excretion of sodium by the kidneys 
and thereby maintains the balance of salt 
and water in the body fluids. See also angi- 
otensin. 


algae A large and diverse group of simple 
plants that contain chlorophyll (and can 
therefore carry out photosynthesis) and live 
in aquatic habitats and in moist situations 
on land. The plant body may be unicellular 
or multicellular (filamentous, ribbon-like, or 
platelike). The algae are not now regarded 
as a taxonomic group, although they are 


sometimes grouped with other simple organ- 
isms in the kingdom *Protista. Usually, 
however, the component groups are. recog- 
nized as taxonomic divisions. Separation in- 
to these divisions is based primarily on the 
composition of the cell wall, the nature of 
the stored food reserves, and the other pho- 
tosynthetic pigments present. See Bacillari- 
ophyta; Chlorophyta; Cyanophyta; Eugle- 
nophyta; Phacophyta; Rhodophyta. 


alimentary canal (digestive tract; gut) A 
tubular organ in animals that is divided into 
a series of zones specialized for the inges- 
tion, “digestion, and ‘absorption of food 
and for the elimination of indigestible mate- 
tial. In most animals the canal has two 
openings, the mouth (for the intake of food) 
and the *anus (for the elimination of waste). 
Simple animals, such as coclenterates (c.g. 
Hydra and jellyfish) and flatworms, have 
only one opening to their alimentary canal, 
which must serve both functions. 


alkaloid One of a group of nitrogenous or- 
ganic compounds derived from plants and 
having diverse pharmacological properties. 
Alkaloids include morphine, cocaine, atro- 
pine, quinine, and caffeine, most of which 
are used in medicine as analgesics (pain re- 
lievers) or anaesthetics. Some alkaloids are 
poisonous, ¢.g. strychnine and coniine, and 
*colchicine inhibits cell division. 


allantois One of the membranes that devel- 
ops in embryonic reptiles, birds, and mam- 
mals as a growth from the hindgut. It acts 
as a urinary bladder for the storage of 
waste excretory products in the egg (in rep- 
tiles and birds) and as a means of providing 
the embryo with oxygen (in reptiles, birds, 
and mammals) and food (in mammals; see 
placenta). See also extraembryonic mem- 
branes. 


allele (allelomorph) One of the alternative 
forms of a gene. In most organisms there 
are two alleles of any one gene (one from 


salivary glands 


epiglottis 
oesophagus (gullet) 


liver 
gall bladder 
bile duct 
Pancreatic duct 

duodenum 


small 
intestine 


ALLOMETRIC GROWTH 


stomach 


pyloric sphincter 
pancreas 


colon 


an large intestine 
rectum 


The human alimentary canal 


(d Parent), which occupy the same rela- 
On Position on *homologous chromosomes. 
* allele is often *dominant to the other 
D as the *recessive), i.e. it determines 
aspects of a particular characteristic 


the organism will din sy: 


allelomorph See allele. 


all 
"i A condition in which the body pro- 
us abnormal *immune response to 
clade ties (called allergens), which in- 
or fas sh Pollen, certain foods and drugs, 
Stance, JD allergic individuals these sub 
Sry ich in a normal person would De 
lease of e by antibodies, stimulate the rc- 
histamine, leading to inflammation 


and other characteristic sympt 
hay fever). This re- 


allogamy Cross-fertilization in plants. See 
fertilization. 

allometric growth The regular and system- 
atic pattern of 


mass of the organ, x = mass of the organ- 
ism, a = growth coefficient of the organ, 


and b = a constant. 


ALLOPATRIC 


allopatric Describing or relating to groups 
of similar organisms that could interbreed 
but do not because they are geographically 
Separated. Compare sympatric. See specia- 
tion. 


all-or-none response A type of response 
that may be either complete and of full in- 
tensity or totally absent, depending on the 
strength of the stimulus; there is no partial 
response. For example, a nerve cell is cither 
stimulated to transmit a complete nervous 
impulse or else it remains in its resting 
state; a stinging *thread cell of a coelenter- 
ate is either completely discharged or it is 
not. 


alpha-naphthol test A biochemical test to 
detect the presence of carbohydrates in solu- 
tion, also known as Molisch's test (after the 
Austrian chemist H. Molisch (1856-1937), 
who devised it). A small amount of alcohol- 
ic alpha-naphthol is mixed with the test so- 
lution and concentrated sulphuric acid is 
Poured slowly down the side of the test 
tube. A positive reaction is indicated by the 
formation of a violet Ting at the junction of 
the two liquids. 


alternation of generations The occurrence 
within the *life cycle of an organism of two 
Or more distinct forms (generations), which 
differ from each other in appearance, habit, 
and method of reproduction. The phenome- 
non occurs in cerfain lower animals (e.g. 
Coelenterates and Parasitic protozoans and 
flatworms) and in plants. The malaria para- 
site (Plasmodium), for example, has a com- 
plex life cycle involving the alternation of 
Sexually and asexually reproducing genera- 
tions. In plants the generation with sexual 
reproduction is called the “gametophyte and 
the asexual generation is the *sporophyte, 
either of which may dominate the life cycle, 
and there is also alternation of the haploid 
and diploid states. Thus in ferns the domi- 
nant plant is the diploid Sporophyte; it pro- 
duces spores that germinate into small hap- 


loid gametophytes bearing sex organs. In 
mosses the gametophyte is the dominant 
plant and the sporophyte is the spore-bear- 
ing capsule. 


altruism Behaviour by an animal that de- 
creases its chances of survival or reproduc- 
tion while increasing those of another mem- 
ber of the same species. For example, a 
lapwing puts itself at risk by luring a 
predator away from the nest through feign- 
ing injury, but by so doing saves its off- 
spring. Altruism in its biological sense does 
not imply any conscious benevolence on the 
part of the performer. Altruism can evolve 
through *kin selection, if the recipients of 
altruistic acts tend on average to be more 
closely related to the altruist than the popu- 
lation as a whole. See also inclusive fitness. 


alveolus 1. The tiny air sac in the *lung of 
mammals and reptiles at the end of each 
*bronchiole. It is lined by a delicate moist 
membrane, has many blood capillaries, and 
is the site of exchange of Tespiratory gases 
(carbon dioxide and oxygen). 2. The socket 
in the jawbone in which a tooth is rooted 
by means of the “periodontal membrane. 


amber A yellow or reddish-brown fossil 
resin. The resin was exuded by certain trees 
and other plants and often contains pre- 
served insects, flowers, or leaves that were 
trapped by its Sticky surface before the resin 
hardened. Amber is used for jewellery and 
omaments. It also has the Property of ac- 
quiring an electrical Charge when rubbed 
(the term electricity is derived from electron, 
the Greek name for amber) It occurs 
throughout the world in rock Strata from 
the Cretaceous to the Pleistocene, but most 
commonly in Cretaceous and Tertiary rocks. 


amino acid Any of a group of water-solu- 
ble organic compounds that possess both a 
carboxyl (-COOH) and an amino (-NH;) 
group attached to the a-carbon atom. 
Amino acids can be Tepresented by the gen- 


alanine (ala) "lysine. (lys) H 


| 
t H3N— CH5— CH5— CH; — CH;— C— COOH 


| 
CH; — f — COOH 


NH; 
NH; 
‘arginine (arg) i ‘methionine (met) " 
HaN— C — NH— CH;— CH;— CH —C — COOH | CH4— S — CH,— CH;— C — COOH 
iH | | 
NH NH; l NH; 
asparagine (asn) H “phenylalanine (phe) 
Bat at curee = COOH " 
o NH; (Q) =e- coon 
aspartic acid (asp) Nu; 
H 
| proline (pro) 
HOOC — CH, — C — COOH E 
H2 T cool H;C— CH ony —ch, 
NH; H,C  CH—COOH = 
cysteine (cys) \/ HC dues COGN 
i : H 
HS — CH; — C — COOH 4-hydroxyproline 
Us serine (ser) 
2 


Glutamic acid (glu) H 


| 
—cH,—C—COOH 
HOOC — cH, — CH,— C — COOH Bos Cet 
| 


NH, 
NH2) 
glutamine (gin) H *threonine (thr) 
HONS I 4 
o7 € — CH; — CH,— C — COOH cH, cH C— coo 
glycine | | 
H (o) NH; OH NH; 
| ` 
He e Coon ‘tryptophan (trp) H 


¢—CH,—C—COOH 
NH, Of ic 
“histidine (his) H Ze 2 


N 

Nate foc tyrosine (tyr) H 

N — C — COOH 

T pat NH; RORA j 

S NH; 
“isoleucine (i) ' ‘valine (val) 
CH,— CH; — CH— C — COOH Bic be cook 
No 

mel CH3 NH; ac NH; 

lune (e) — M 
Hac 


The amino acids occurring in proteins 
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AMINO ACID 


eral formula R-CH(NH;)COOH. R may be 
hydrogen or an organic group and deter- 
mines the properties of any particular amino 
acid. Through the formation of peptide 
bonds, amino acids join together to form 
short chains (*peptides) or much longer 
chains (*polypeptides). Proteins are com- 
posed of various proportions of about 20 
commonly occurring amino acids (see table). 
The sequence of these amino acids in the 
protein polypeptides determines the shape, 
Properties, and hence biological role of the 
Protein. Some amino acids that never occur 
in proteins are nevertheless important, e.g. 
“ornithine and citrulline, which are in- 
termediates in the urea cycle. 

Plants and many microorganisms can syn- 
thesize amino acids from simple inorganic 
compounds, but animals rely on adequate 
supplies in their diet. The ‘essential amino 
acids must be present in the diet whereas 
others can be manufactured from them. 


ammonite An extinct aquatic mollusc of 
the class *Cephalopoda. Ammonites were 
abundant in the Mesozoic era (225-65 mil- 
lion years ago) and are commonly found as 
fossils in rock strata of that time, being 
used as *index fossils for the Jurassic peri- 
Od. They were characterized by a coiled 
shell divided into many chambers, which ac- 
ted as a buoyancy aid. The external suture 
lines on these shells increased in complexity 
with the advance of the group. 


amniocentesis The taking of a sample of 
amniotic fluid from a Pregnant woman to 
determine the condition of an unborn baby. 
A hollow needle is inserted through the 
Woman's abdomen and wall of the uterus 
and the fluid drawn off. Chemical and mi- 
Croscopical examination of cells shed from 
the embryo's skin into the fluid are used to 
detect spina bifida, *Down's syndrome, or 
Other serious biochemical or chromosomal 
abnormalities, 
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amnion A membrane that encloses the em- 
bryo of reptiles, birds, and mammals within 
the amniotic cavity. This cavity is filled with 
amniotic fluid, in which the embryo is pro- 
tected from desiccation and from external 
pressure. See also extraembryonic mem- 
branes. 


amniote A vertebrate whose embryos are 
totally enclosed in a fluid-filled sac — the 
*amnion. The evolution of the amnion pro- 
vided the necessary fluid environment for 
the developing embryo and therefore al- 
lowed animals to breed away from water. 
Amniotes comprise the reptiles, birds, and 
mammals. Compare anamniote. 


Amoeba A genus of *Protozoa, members of 
Which have temporary body projections 
called *pseudopodia. These are used for lo- 
comotion and feeding and result in a con- 
stantly changing body shape. Most species 
are free-living in soil, mud, or water, where 
they feed on smaller protozoans and single- 
celled plants, but a few are parasitic. The 
best known species is the much studied A. 
Proteus. 


amoebocyte An animal cell whose location 
is not fixed and is therefore able to wander 
through the body tissues, Amoebocytes are 
named after their resemblance, especially in 
their movement, to *Amoeba and they feed 
on foreign particles (including invading bac- 
teria). They occur, for example, in sponges 
and mammalian blood (eg. some *leuco- 
cytes), 


amount of substance Symbol n. A mea- 
sure of the namber of entitics present in a 
substance. The specified entity may be an 
atom, molecule, ion, electron, photon, etc., 
or any specified group of such entities. The 
amount of substance of an element, for ex- 
ample, is proportional to the number of at- 
oms present. The SI unit of amount of sub- 
stance is the *mole. 


AMP See ATP; cyclic AMP. 


Amphibia The class of vertebrates that 
Contains the frogs, toads, newts, and sala- 
manders, Amphibians evolved in the Devo- 
nian period (about 370 million years ago) as 
the first vertebrates to occupy the land, and 
d of their characteristics are adaptations 
E errestrial life. All adult amphibians have 
ee linking the roof of the mouth 
the nostrils so they may breathe air 
a a the mouth closed. The moist scale- 
skin is used to supplement the lungs in 
ad exchange. They have no diaphragm, and 
lerefore the muscles of the mouth and 
E Provide the pumping action for 
oa B. Fertilization is usually external 
US un are soft and prone to desicca- 
du ore reproduction commonly oc- 
bac water. Amphibian larvae are aquatic, 
Es b gills for respiration; they undergo 
rphosis to the adult form. 


am; 

aa Truc sexual reproduction, ia- 
ving the fusion of male and female ga- 

Metes and the formation of a zygote. Com- 

Pare aporixis, 


ane s [Ciastase) Any of a group of 
aly m related enzymes that degrade starch, 
dea and other polysaccharides. Plants 
and both a- and f-amylases; animals 
juice aey a-amylases, found in pancreatic 
Species) i also (in humans and some other 
poly in saliva. Amylases cleave the long 
of Hoe chains, producing a mixture 
and maltose. 


am; lopectin 
hight A “polysaccharide comprising 
ly branched chains of glucose molecules. 


lt is one of 
the constituents (the other being 
Amis) of rad (there 


amy’ " 
tee A “polysaccharide consisting of 
= chains of between 100 and 1000 


stituen, glucose molecules. Amyiose is a con- 
t of *starch. In water, amylose reacts 


il 


ANAMNIOTE 


with iodine to give a characteristic blue col- 
our. 


anabolic steroid Any stetoid compound 
that promotes tissue growth, especially of 
muscles. Naturally occurring anabolic ster- 
oids include the male sex hormones (*an- 
drogens) Synthetic forms of these are used 
medically to help weight gain after debilitat- 
ing diseases; their use by athletes to build 
up body muscles can cause liver damage 
and is banned by most athletic authorities. 


anabolism The metabolic synthesis of pro- 
teins, fats, and other constituents of living 
organisms from molecules or simple precur- 
sors. This process requires energy in the 
form of ATP. See metabolism. Compare ca- 
tabolism. 


angerobe, See anaerobic respiration. 


anaerobic respiration A type of *respira- 
tior in which foodstuffs (usually carbohy- 
drates) ere partially oxidized, with the re- 
lease of chemical energy, in a process not 
involving atmospheric oxygen. Since the 
substrate is never completely oxidized the 
energy yield of this type of respiration is 
lower than that of *aerobic respiration. It 
occurs in some yeasts and bacteria and in 
muscle tissue when oxygen is absent (see 
oxygen debt). Obligate anaerobes arc Organ- 
isms that cannot use free oxygen for respi- 
ration; facultative anaerobes are normally 
aerobic but can respire anaerobically during 
periods of oxygen shortage. Alcoholic *fer- 
mentation is a type of anaerobic respiration 
in which one of the end products is ethanol. 


analógous Describing features of organisms 
that are superficially similar but have 
evolved in different ways. The wings of but- 
terflies and birds are analogous organs. 


anamniote A vertebrate that lacks an *am- 
nion and whose embryos and larvae must 
therefore develop in water. Anamniotes 


ANAPHASE 


comprise the  agnathans, 
amphibians. Compare amniote. 


fishes, and 


anaphase The third stage of cell division. 
In “mitosis the chromatids of each-chromo- 
some move apart to opposite ends of the 
spindle. In the first anaphase of *meiosis, 
the paired homologous chromosomes sepa- 
rate and move to opposite ends; in the sec- 
ond anaphase the chromatids move apart, as 
in mitosis. 


anaphylaxis An abnormal *immune re- 
sponse that occurs when an individual pre- 
viously exposed to a particular “antigen is 
Te-exposed to the same antigen. Anaphylaxis 
may follow an insect bite or the injection of 
a drug (such as penicillin). It is caused by 
the release of *histamine and similar sub- 
stances and may produce a localized reac- 
tion or a more generalized and severe one, 
with difficulty in breathing, pallor, or drop 
in blood pressure, unconsciousness, and pos- 
sibly heart failure and death. See also aller- 
By. 


anatomy The study of the structure of liv- 
ing organisms, especially of their internal 
parts by means of dissection and microscop- 
ical examination. Compare morphology. 


androecium The male sex organs (*sta- 
mens) of a flower. Compare gynaecium. 


androgen One of a group of male sex hor- 
mones that stimulate development of the 
testes and of male *secondary sexual char- 
acteristics (such as growth of facial and pu- 
bic hair in men). Testosterone is the most 
important. Androgens are produced princi- 
Pally by the testes when stimulated with 
“luteinizing hormone but they are also se- 
creted in smaller amounts by the adrenal 
glands and the ovaries, Injections of natural 
or synthetic androgens are used to treat 
hormonal disorders of the testes and breast 
cancer and to build up body tissue (see ana- 
bolic steroid). 
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anemophily Pollination of a flower in 
which the pollen is carried by the wind. Ex- 
amples of anemophilous flowers are those of 
grasses and conifers. Compare entomophily; 
hydrophily. 


Angiospermae The flowering plants: à 
subdivision of the ‘Spermatophyta or a 
class of the *Pteropsida. Angiosperm ga- 
metes are produced within *flowers and the 
ovules (and the seeds into which they devel- 
op) are enclosed in a carpel (compare Gym- 
nospermae). The angiosperms are the domi- 
nant plant forms of the present day. They 
show the most advanced structural organiza- 
tion in the plant kingdom, enabling them to 
inhabit a very diverse range of habitats. 
There are two classes (or subclasses) within 
this group: the *Monocotyledonae with one 
seed leaf (cotyledon) in the seed, and the 
*Dicotyledonae with two seed leaves. 


angiotensin Either of two related peptide 
hormones that raise blood pressure. Angi- 
otensin I is derived from a protein (angi- 
otensinogen) secreted by the liver into the 
bloodstream. As blood passes through the 
lungs, an enzyme splits angiotensin I, form- 
ing angiotensin II. This causes constriction 
of blood vessels and stimulates the release 
of the hormones *vasopressin and *aldoster- 
one, which increase blood pressure. 


angstrom Symbol A. A unit of length 
equal to 107'° metre. It was formerly used 
to measure wavelengths and intermolecular 
distances but has now been replaced by the 
nanometre. | A = 0.1 nanometre. The unit 
is named after the Swedish pioneer of spe- 
troscopy A. J. Angstrom (1814-74). 


animal Any living organism of the kingdom 
Animalia, characterized by an inability to 
manufacture its own food, so that it feeds 
on other organisms or organic matter (holo- 
Zoic nutrition; see heterotrophism). Animals 
are therefore typically mobile (to search for 
food) and have evolved specialized sense of- 


Bans for detecting changes in the environ- 
een a "nervous system coordinates infor- 
mation received by the sense organs and 
enables tapid responses to environmental 
stimuli. Animal *cells lack the cellulose cells 
walls of *plant cells. For a classification of 
the animal kingdom, see Appendix. 


al behaviour The activities that con- 
ute an animal's response to its external 
eeiconmat, Certain categories of behaviour 
ee in all animals (e.g. feeding, repro- 
Eos m) but these activities involve different 
P m in different species and develop 
ieee ways. Some movements are 
a ly characteristic of a species (see in- 
1 nct) whereas others are more variable and 
ass the interaction between innate 
ae 3 and "learning during the individ- 
anne etime. Physiologists study how 
ae um the body (eg. hormone levels) 
EA aviour, Psychologists study the 
study en of learning, and ethologists 
ees aviour of the whole animal: 
lise is levelops during the individual's 
zm and how it evolved through natural 
ection (see ethology). 


Animal starch See glycogen. 


Ue QUY Sexual reproduction. involving 
on of gametes that differ in size and 


metimes also in foi 0 
C form. oogamy. 
i à rm. See als y. 


ae A phylum of invertebrates com- 
Worm) Ree worms (e.g. the earth- 
n n lids have cylindrical soft bodies 
externa metameric segmentation, obvious 
tegmente as a series of rings separating the 
rated fj; Each segment is internally sepa- 
: eU the next by a membrane and 
But and T bristles (see chaeta). Between the 
led other body organs there is a fluid- 
aq iU called the "coelom, which acis 
al Ydrostatic skeleton. Movement is by 
p “ate contraction of circular and longitu- 
Muscles in the body wall. The phylum 
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ANTAGONISM 
contains three classes: — *Polychaeta, 
*Oligochaeta, and *Hirudinea. 


annual A plant that completes its life cycle 
in one year, during which time it 
germinates, flowers, produces seeds, and 
dies. Examples are the sunflower and mari- 
gold. Compare biennial; ephemeral; perenni- 
al. 


annual ring See growth ring. 


annulus 1. (in botany) a. A ragged ring of 
tissue that remains on the stalk of a mush- 
room or toadstool. Also called a velum, it is 
formed from the ruptured membrane that 
originally covered the lower surface of the 
cap. b. The region of the wall of a fern 
sporangium that is specialized for spore dis- 
persal. It consists of cells that are thickened 
except on their outer walls. On drying out, 
the cells contract and the sporangium rup- 
tures, releasing the spores. The annulus 
springs back into position when the residual 
water in the cells vaporizes and any remain- 
ing spores are dispersed. 2. (in zoology) 
Any of various ring-shaped structures in an- 
imals, such as any of the segments of an 
earthworm or other annelid. 


Anoplura See Siphunculata. 
ANS See autonomic nervous system. 


antagonism 1. The interaction of two sub- 
stances (e.g. drugs, hormones, or enzymes) 
having opposing effects in a system in such 
a way that the action of one partially or 
completely inhibits the effects of the other. 
For example, one group of anti-cancer drugs 
acts. by antagonizing the effects of certain 
enzymes controlling the activities of the can- 
cer cells. 2. An interaction between two 
muscles in which contraction of one (the an- 
tagonist) prevents that of the other (the ago- 
nist). The antagonist must relax to enable 
the agonist to contract and effect movement. 
3, An interaction between two organisms 


ANTENNA 


(e.g. moulds or bacteria) in which the 
growth of one is inhibited by the other. 
Compare synergism. 


antenna A long whiplike jointed mobile 
paired appendage on the head of many ar- 
thropods, usually concerned with the senses 
of smell, touch, etc. In insects, millipedes, 
and centipedes they are the first pair of 
head appendages and are specialized and 
modified in many insects. In crustaceans 
they are the second pair of head append- 
ages, the first pair (the antennules) having 
the sensory function, while the antennae are 
modified for swimming and for attachment. 


antennule See antenna. 


anterior 1. Designating the part of an 
animal that faces to the front, i.e. that leads 
when the animal is moving. In man and 
bipedal animals the anterior surface corre- 
sponds to the *ventral surface. 2, Designat- 
ing the side of a flower or axillary bud that 
faces away from the flower stalk or main 
Stem, respectively. Compare Posterior, 


anther The upper two-lobed Part of a plant 
*stamen, usually yellow in colour. Each lobe 
contains two pollen sacs within which are 


numerous pollen grains, which are released 
when the anther ruptures. 


antheridium The male sex organ of algae, 
fungi, bryophytes, and pteridophytes. It pro- 
duces the male gametes (antherozoids). It 
may consist of a single cell or it may have a 
wall that is made up of one or several lay- 
ers forming a sterile jacket around the de- 
veloping gametes. Compare archegonium. 


antherozoid (spermatozoid) The motile 
male gamete of algae, fungi, bryophytes, 
pteridophytes, and certain 


Ginkgo and Cycas, they develop from a cell 
in the pollen tube, 
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anthocyanin One of a group of *flavonoid 
pigments. Anthocyanins occur in the cell 
vacuoles of various plant organs and are re- 
sponsible for many of the blue, red, and 
purple colours in plants (particularly in 
flowers). 


antibiotics Substances obtained from mi- 
croorganisms, especially moulds, that de- 
stroy or inhibit the growth of other microor- 
ganisms, particularly disease-producing 
bacteria and fungi. Common antibiotics in- 
clude *penicillin, streptomycin, and tetracy- 
clines. They are used to treat various infec- 
tions but tend to weaken the body's natural 
defence mechanisms and can cause allergics- 
Overuse of antibiotics can lead to the devel- 
opment of resistant strains of microorga- 
nisms. 


antibody A protein (see immunoglobulin) 
produced by certain white blood cells 
(lymphocytes) in response to entry into the 
body of a foreign substance (antigen) in 
Order to render it harmless. An Cu 
tibody-antigen reaction is highly specific. 
Antibody production is one aspect of the 
"immune response and is stimulated by 
such antigens as invading bacteria, foreign 
red blood cells (see ABO system), inhaled 
Pollen grains or dust, and foreign tissue 
"grafts. See also immunity; monoclonal an- 
tibody. 


anticoagulant A substance that prevents 
the formation of blood clots. *Heparin is 4 
natural anticoagulant, which is extracted to 
treat such conditions as thrombosis and em- 
bolism. Synthetic anticoagulants include 
*warfarin and dicoumarol. 


antidiuretic hormone (ADH) See vaso 
pressin. 


antigen Any substance that the body 1e- 
gards as foreign and that therefore elicits a 
*immune response. Antigens may be foi 

in, or introduced into, the body. They art 


usually proteins. Transplantation (histocompa- 
tibility) antigens are associated with the tis- 
sues and are involved in tissue or organ 
"grafts; an example is the *HL-A system. A 
graft will be rejected if the recipient’s body 
regards such antigens on the donor’s tissues 
as foreign. See also antibody. 


antihistamine Any drug that inhibits the 
effects of *histamine in the body and is 
therefore used to relieve and prevent the 
symptoms associated with allergic reactions, 
Such as hay fever. Since one of the side- 
effects produced by antihistamines is sleepi- 
Ness, some are used to prevent motion sick- 
ness and induce sleep. 


antiseptic Any substance that kills or in- 
hibits the growth of disease-causing microor- 
Banisms but is essentially nontoxic to cells 
Ri the body. Common antiseptics include 
drogen peroxide, the detergent cetrimide, 
and ethanol. They are used to treat minor 
wounds. Compare disinfectant. 


anus The terminal opening of the *alimen- 
tary, canal in most animals, through which 
indigestible material (*faeces) is expelled. 


bia The major blood vessel in higher 
eed rates through which oxygenated blood 
om the *heart from the left ventricle. The 
i 2 branches to form many smaller arter- 
es, Which in turn branch many times to 
iE Oxygen and essential nutrients to all 
Wing cells in the body. 


sponte A complex mineral form of calcium 
p! Osphate, Ca; (PO,), (OH,F,CI), that is the 
main constituent of the enamel of teeth. 


e dominance Inhibition of the growth 

lateral buds in a plant by the presence of 
Š growing apical bud. It is brought about 
Y the action of auxins (produced by the 
apical bud) and abscisic acid. 


APPENDIX 


apical meristem A region at the tip of 
each shoot and root of a plant in which cell 
divisions are continually occurring to pro- 
duce new stem and root tissue, respectively. 
The new tissues produced are known collec- 
tively as the primary tissues of the plant. See 
also meristem. Compare cambium. 


apocarpy The condition in which the fe- 
male reproductive organs (*carpels) of a 
flower are not joined to each other. It oc- 
curs, for example, in the buttercup. Compare 


syncarpy. 
apocrine secretion See secretion. 


apoenzyme An inactive enzyme that must 
associate with a specific *cofactor molecule 
or ion in order to function. Compare holo- 
enzyme. 


apomixis (agamospermy) A reproductive 
process in plants that superficially resembles 
normal sexual reproduction but in which 
there is no fusion of gametes. In apomictic 
flowering plants there is no fertilization by 
pollen, and the embryos develop simply by 
division of a *diploid cell of the ovule. See 


also parthenocarpy;- parthenogenesis. 


aposematic coloration See warning colora- 
tion. 


appeasement Behaviour that inhibits ag- 
gression from another animal of the same 
species, frequently taking the form of a spe- 
cial posture or *display emphasizing the 
weakness of the performer. Threatening: 
structures (c.g. antlers) and markings are 
covered or tumed away, and vulnerable 
parts of the body may be exposed. Appease- 
ment is seen in *courtship, in greeting cere- 
monies, and often (from the loser) after a 


fight. 


appentlix (vermiform appendix) An out- 
'owth of the *caecum in the alimentary ca- 


gr 
nal In humans it is a *vestigial organ con- 


AQUEOUS HUMOUR 


taining lymphatic tissue and serves no 
function in normal digestive Processes. Ap- 
pendicitis is caused by inflammation of the 
appendix. 


aqueous humour The fluid that fills the 
Space between the cornea and the lens of 
the vertebrate eye. In addition to supplying 
the comea and lens with nutrients, the 
aqueous humour helps to maintain the 
shape of the eye. It is Produced and re- 
newed every four hours by the ‘ciliary 
body. 


Arachnida A class of terrestrial arthropods 
comprising about 65 000 Species and includ- 
ing spiders, scorpions, harvestmen, ticks, 
and mites. An arachnid’s body is divided in- 
to an anterior *cephalothorax (prosoma) and 
a posterior abdomen (opisthosoma). The pro- 
soma bears a pair of grasping or piercing 
appendages (the chelicerae), a pair of 
Pedipalps used for manipulation or as senso- 
Ty structures, and four pairs of walking legs. 
The opisthosoma may bear various sensory 
or silk-spinning appendages (see spinneret), 
Arachnids are generally camivorous, feeding 
on the body fluids of their Prey or secreting 
enzymes to digest prey externally. Spiders 
immobilize their Prey with poison injected 
by the fanglike Chelicerae, while Scorpions 
grasp their prey in large clawed Pedipalps 
and may poison it using the posterior sting- 
ing organ, Ticks and some mites are parasit. 
ic but most arachnids are free-living. They 
breathe either via “tracheae (like insects) or 
by means of thin highly folded Tegions of 
the body wall called lung-books, 


membranes (*meninges) that surround the 
brain and spinal cord of Vertebrates. It lies 
between the *pia mater and the 
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arbovirus One of a large heterogeneous 
group of RNA-containing viruses that are 
transmitted from animals to man through 
the bite of mosquitoes and ticks (i.e. arthro- 
pods, hence  arthropod-borne viruses). 
Arboviruses cause various forms of encepha- 
litis (inflammation of the brain) and serious 
fevers, such as dengue and yellow fever. 


archegonium The multicellular flask- 
shaped female sex organ of bryophytes, pte- 
ridophytes, and many gymnosperms. Such 
Plants are described as archegoniate to dis- 
tinguish them from algae, which do not pos- 
sess archegonia. The dilated base, the venter, 
contains the oosphere (female gamete), The 
cells of the narrow neck liquefy to allow the 
male gametes to swim towards the oosphere. 
The archegonium is thus an adaptation to 
the terrestrial environment as it provides a 
means for the male gametes to reach the fe- 
male gamete. Compare antheridium. 


archenteron (gastrocoel) A cavity within 
an animal embryo at the *gastrula stage of 
development. All or part of the-archenteron 
eventually forms the cavity of the gut. It is 
connected to the outside by an opening (the 
blastopore), which becomes either the mouth, 
the mouth and anus, or the anal opening of 
the animal. 


arginine See amino acid. 


aril An outgrowth that grows around and 
may completely enclose the testa (seed coat) 
of a seed. It develops from the placenta, fu- 
nicle, or micropyle of an ovule. The aril sur- 
rounding the nutmeg seed forms the spice 
mace. See also caruncle. 


arousal A level of Physiological and 
behavioural responsiveness in an animal, 
Which tends to 
alertness. 


cle tone, responsiveness fo new stimuli, and 
general activity. 


arteriole A small muscular blood vessel 
Um. receives blood from the arteries and 
carries it to the capillaries. 


artery A blood vessel that carries blood 
away from the heart towards the other body 
tissues. Most arteries carry oxygenated 
blood (the *pulmonary artery is an excep- 
tion). The large arteries branch to form 
Smaller ones, which in turn branch into *ar- 
terioles. All arteries have muscular walls, 
Whose contraction aids in pumping blood 
Around the body. The accumulation of fatty 
deposits in the walls of the arteries leads to 
aiherosclerosis, which limits and may eventu- 
ally block the flow of blood. Compare vein. 


Arthropoda A phylum of invertebrate ani- 
mals comprising over one million species — 
the largest in the animal kingdom. Arthro- 
Pods inhabit marine, freshwater, and terres- 
trial habitats worldwide. Characteristically, 
they Possess an outer body layer — the *cu- 
ticle — that functions as a rigid protective 
exoskeleton; growth is thus possible only by 
periodic moults (see ecdysis). The arthropod 
body is composed of segments (see meta- 
meric segmentation) usually forming distinct 
Specialized body regions, e.g. head, thorax, 
and abdomen. These segments may possess 
hardened jointed appendages, modified vari- 
ously, as mouthparts, limbs, wings, repro- 
ductive organs, or sense organs. The main 
body cavity, containing the internal organs, 
is a continuous blood-filled haemocoel, with- 
in which lies the heart. The origins and re- 
wlationships of the various groups of arthro- 
pods remain uncertain. The major classes 
are: “Arachnida (spiders, scorpions, mites, 
and ticks), *Crustacea (shrimps, barnacles, 
crabs, eic), *Insecta (insects), *Myriapoda 
(centipedes and millipedes), and the wor- 
mlike Onychophora (e.g. Peripatus). 
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ASEXUAL REPRODUCTION 


articulation The attachment of two bones, 
usually by means of a ‘joint. The thigh 
bone (femur), for instance, articulates with 
the pelvic girdle. 


artificial insemination The deposition of 
semen, using a syringe, at the mouth of the 
uterus to make conception possible. It is 
used for selected breeding of domestic ani- 
mals and in humans in some cases of impo- 
tence and infertility. It is timed to coincide 
with ovulation in the female. 


Artiodactyla An order of hooved mammals 
comprising the even-toed ungulates, in 
which the third and fourth digits are equally 
developed and bear the weight of the body. 
The order includes cattle and other rumi- 
nants (see Ruminantia), camels, hippopota- 
muses, and pigs. All except the latter are 
herbivorous, having. an elongated gut and 
teeth with enamel ridges for grinding tough 
grasses. Compare. Perissodactyla. 


Ascomycetes A class of *fungi that in- 
cludes many yeasts. Sexual reproduction is 
by means of ascospores, eight of which are 
characteristically produced within a spheri- 
cal or cylindrical cell, the ascus. The asci 
are usually grouped together in an ascocarp. 


ascorbic acid See vitamin C. 


asexual reproduction Reproduction in 
which new individuals are produced from a 
single parent without the formation of ga- 
metes. It occurs chiefly in lower animals, 
microorganisms, and plants. In lower ani- 
mals the chief methods are fission (e.g. in 
protozoans), *fragmentation (e.g. in some 
aquatic annelid worms), and *budding (e.g. 
in coelenterates). The principal methods of 
asexual reproduction in plants are by *vege- 
tative propagation (e.g. bulbs, corms, tubers) 
and by the formation of sexual "spores. 
Spore formation occurs in mosses, ferns, 
and other plants showing alternation of gen- 
erations, as a dormant stage between sporo- 


ASPARAGINE 


phyte and gametophyte, and in some algae 
and fungi, to Produce replicas of the plant. 
Compare sexual reproduction. 


asparagine See amino acid. 
aspartic acid See amino acid. 


assimilation The utilization by a living or- 
anism of absorbed food materials in the 
processes of growth, reproduction, or repair. 


association An ecological unit in which 
two or more species occur in closer proximi- 
ly to one another than would be expected 
On the basis of chance. Early plant ecolo- 
gists recognized associations of fixed compo- 
sition on the basis of the "dominant species 
Present (e.g. a coniferous forest association), 
Associations now tend to be detected by us- 
ing more objective Statistical sampling meth- 
ods. See also consociation. 


aster A starlike arrangement of small fibres 
radiating from a *centriole. Asters become 
conspicuous in animal cells at the ends of 
the spindle when cell division Starts, 


astigmatism A lens defect in which when 
Tays in one plane are in focus those in an- 
other plane are not. The eye can suffer from 
astigmatism, usually when the comea is not 
spherical. It is corrected by using an anas- 
tigmatic lens, which has different radii of 
curvature in the vertical and horizontal 
planes. 


atlas The first *cervical vertebra, a ringlike 


bone that joins the skull to the vertebral 


column in terrestrial vertebrates. In ad- 
vanced vertebrates articulation between the 
skull and atlas permits nodding movements 
of the head. See also axis. 


ATP (adenosine triphosphate) A nucleo- 
tide that is of fundamental importance as a 
carrier of chemical energy in all living or- 
anisms. It consists of adenine linked to D- 


ribose (i.e. adenosine); the D-ribose compo- 
nent bears three phosphate groups, linearly 
linked together by covalent bonds. These 
bonds can undergo hydrolysis to yield either 
a molecule of ADP (adenosine diphosphate) 
and inorganic phosphate or a molecule of 
AMP (adenosine monophosphate) and pyro- 
phosphate. Both these reactions yield a lere 
amount of energy (about 30.6 kJ mol” ') 
that is used to bring about such biological 
Processes as muscle contraction, the active 
transport of ions and molecules across cell 
membranes, and the synthesis of bi- 
omolecules. The reactions bringing about 
these processes often involve the enzyme- 
catalysed transfer of the Phosphate group to 
intermediate substrates, Most ATP-mediated 
Feactions require Mg?* ions as *cofactors. 

ATP is regenerated by the rephosphoryla- 
tion of AMP and ADP using the chemical 
energy obtained from the oxidation of food. 
This takes place during “glycolysis and the 
*Krebs cycle but, most significantly, is also 
a result of the reduction- oxidation reac- 
tions of the *clectron transport chain, which 
ultimately reduces molecular. oxygen to 
water (oxidative Phosphorylation), 


atrium 1. (or auricle) A chamber of the 
“heart that receives blood from the veins 
and forces 


tion into the *ventricle(s). Fish have a single 
gill slits of Amphioxus and other inverte- 
brate chordates. 


atrophy The degeneration or withering of 
an organ or part of the body, 


atropine A poisonous crystalline 
C,7H,;NO,. 


AUTOLYSIS 
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atti 
r Sie 1. (in medicine) A process of 
merece disease-producing ability of a 
ical tiers It can be achieved by chem- 
CORN a heating, drying, irradiation, 
ditions E the organism under adverse con- 
Grant Or by serial passage through another 
m [5 Attenuated bacteria or viruses are 
" id *vaccines. 2. (in mycology) 
to alcohol, kd by yeasts of carbohydrates 
it modom in brewing and wine and spir- 


atti 

fo Symbol a. A prefix used in the metric 

10 ME to denote 107'8 For example, 
second = | attosecond (as). 


audibi " 

udibility The limits of audiblity of the 

Loan car are between about 20 hertz (a 

us Ey and 20 000 hertz (a shrill whis- 
^ With increased age the uj r limit falls 

Quite considerably. kd Poe 


audi , 
xS meter An instrument that generates a 
tds d known frequency and intensity in 
meas individual’ i 
ability ure an individual's hearing 


auricle 1. See atrium, 2. See pinna. 
Australopithecus A genus of fossil pri- 


mates that lived 1.3-4 million 
They walked erect and had teeth Mc 
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those of modern man, but the brain capaci- 
ty was less than half that of a human. Vari- 
ous finds have been made, chiefly in East 
and South Africa (hence the name, which 
means ‘southern ape’). Australopithecus and 
related genera are known as aus- 
tralopithecines. See also Homo. 


autoclave A strong steel vessel used for 
carrying out chemical reactions, steriliza- 
tions, etc., at high temperature and pressure, 


autogamy 1. A type of reproduction that 
occurs in single isolated individuals of cili- 
ate protozoan animals of the genus 
Paramecium. The nucleus divides into two 
genetically identical haploid nuclei, which 
then fuse to form a diploid zygote. The on- 
set of autogamy is associated with changing 
environmental conditions and may be neces- 
sary to maintain cell vitality. 2. Self-fertili- 
zation in plants. See fertilization. 


autograft See graft. 


autoimmunity A disorder of the body's de- 
fence mechanism in which an *immune re- 
sponse is elicited against its own tissues. 
Rheumatoid arthritis is basically an autoim- 
mune disease. 


autolysis The process of self-destruction of 
a cell, cell organelle, or tissue. It occurs by 


AUTONOMIC NERVOUS SYSTEM 


the action of enzymes within or released by 
“lysosomes. See also lysis. 


autonomic nervous system (ANS) The 
Part of the vertebrate “peripheral nervous 
system that supplies stimulation via motor 
nerves to the smooth and cardiac muscles 
(the involuntary muscles) and to the glands 
of the body. It is divided into the *para- 
sympathetic and the “sympathetic nervous 
systems, which tend to work antagonistically 
On the same organs. The activity of the 
ANS is controlled Principally by the *me- 
dulla oblongata and *hypothalamus of the 
brain. 


autosome Any of the chromosomes in a 
cell other than the *sex chromosomes. 


autotomy The Shedding by an animal of 
part of its body followed by the regenera- 
tion of the lost part. Autotomy is achieved 
by the contraction of muscles at specialized 
regions in the body. It serves as a protective 
mechanism if the animal is damaged or at- 
tacked (e.g. tail loss in certain reptiles) and 
is common as a method of asexual repro- 
duction in polychaete worms, in which both 
new head and tail regions may be regenerat- 
ed. 


autotrophism A type of nutrition in which 
organisms synthesize the organic materials 
they require from inorganic sources, Chief 
sources of carbon and nitrogen are carbon 
dioxide and nitrates, respectively. All green 
plants are autotrophic and use light as à 
Source of energy for the synthesis, i.e. they 
are photoautotrophic (see photosynthesis). 
Some bacteria are also photoautotrophic; 
others are chemoautotrophic, using energy 
derived from chemical processes. Compare 
heterotrophism. 


auxanometer Any mechanical instrument 
or measuring device used to study the 
growth or movement of plant organs. One 
type of auxanometer consists of a recording 
device that translates any increase in stem 
height into movement of a needle across à 
scale, 


auxin Any of a group of plant *growth 
Substances responsible for such processes as 
the promotion of growth by cell enlarge- 
ment, the maintenance of *apical domi- 
nance, and the initiation of root formation 
in cuttings: Naturally occurring auxins, such 
as indoleacetic acid (IAA), are synthesized in 
the shoot tips. Synthetic auxins, such as 
2,4-D and 2,4,5-T, are used as weedkillers. 


Aves The birds: a class of bipedal 
vertebrates with *feathers, wings, and a 
beak. They evolved from Teptilian ancestors 
in the Jurassic 


and four-chambered heart (which completely 
Separates oxygenated and 
blood) ensure a good Supply 


boi 
i tubular, having internal struts to 
m © strength and air sacs to reduce 
aeeabiand Provide extra oxygen in flight. 
is es are vital for flight, streamlin- 
id ly, and insulation against heat 
AD birds show a high degree of social 
Ens forming large flocks and pair 
Lote & for nesting, egg incubation, and 
B young. Fertilization is internal and 


the fe 
der lays hard-shelled eggs. See also 


"xen 
ete A culture medium in 
owing “a cee type of microorganism is 
microbiolg cl cultures are widely used in 
requir BY to determine the basic growth 

ements or degree of inhibition by an- 


libiotics à 
[SI Or other chemicals of a particular 


axil 

and un c angle between a branch or leaf 

eral) ke stem it grows from. Axillary (or lat- 

Were deron the oa Te 
of exl Baas ATP 

from a leaflet. lary buds distinguishes a leaf 


a; 
R second *cervical vertebra, which 
Fener c5 with the *atlas (the first cervical 
s in Which articulates with the skull). 
in iculation between the axis and atlas 
si Pie birds, and mammals permits 
Ex UNE movement of the head. The 
(the EE axis is elongated to form a peg 
iem toid process), which extends into 
which B of the atlas and acts as a pivot on 
the atlas (and skull) can turn. 


zn The long threadlike part of a nerve 
d (*neurone). It carries the nerve impulse 
irm of an *action potential) away 
sik cell body of a neurone towards 

er an effector organ or the brain. See 
also nerve fibre. . 
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BACTERIA 


B 


Bacillariophyta A division of *algae com- 
prising the diatoms. These marine or fresh- 
water unicellular algae have cell walls com- 
posed of pectin impregnated with silica and 
consisting of two halves, one overlapping 
the other. Diatoms are found in huge num- 
bers in plankton and are important in the 
food chains of seas and rivers. Past deposi- 
tion has resulted in diatomaceous earths 
(kieselguhr) and the oil reserves of these 
species have contributed to oil deposits. 


bacillus Any rod-shaped bacterium. Gener- 
ally, bacilli are large, Gram-positive, spore- 
bearing, and have a tendency to form 
chains and produce a ‘capsule. Some are 
motile, bearing flagella. They are ubiquitous 
in soil and air and many are responsible for 
food spoilage. The group also includes Ba- 
cillus anthracis, which causes anthrax. 


backbone See vertebral column. 


back cross (test cross) A mating made to 
identify hidden *recessive alleles. If an or- 
ganism displays a *dominant characteristic, 
it may possess two dominant alleles. (i.e. it 
is homozygous) or a dominant and a reces- 
sive allele for that characteristic (i.e. it is 
heterozygous). To find out which is the 
case, the organism is crossed with one dis- 
playing the recessive characteristic. If all the 
offspring show the dominant characteristic 
then the organism is homozygous, but if 
half show the recessive characteristic, then 
the organism is heterozygous. 


bacteria A diverse group of ubiquitous mi- 

isms all of which consist of only a 
single "cell that lacks a distinct nuclear 
membrane and has a *cell wall of a unique 
composition. Bacteria are usually classified 
by means of *Gram's stain, whether or not 
they require oxygen (see aerobic respiration; 


DUET 


BACTERIOCIDAL 


capsule inot fimbriae (not always Present) 


always present) Slime layer i 
nuclear (not always present} 
s ribosomes 


granules 
cell wall 


A generalized bacterial cell 


anaerobic Tespiration), and On the basis of 
Shape. A bacterial cell may be 
coccus), rodlike (see bacillus), 


“photosynthesis, some are 


organisms. The symptoms of 
tions are Produced by *toxins, 


i ufac- 
ly to identify bacteria, to control Reger 
turing processes (such as cheese pre m 
that depend on bacteria, and, | x 
can alter the genetic make-up of d 
cells, they are important tools in *gent 
engineering. 

ETT i 
bacteriostatic Capable of nie 
slowing down the growth and e in 
of bacteria. Some antibiotics are bacteri 
Static. Compare bacteriocidal. 


baleen See whalebone. 


pig 
barbule 
s barbicels 
< 
f 
feather 3 a 
Interlocking barbs of a contour feather 
tiff 
barb 1. (in zoology) Any one of eit 
filaments forming a row on each side o i 
longitudinal shaft of a feather. oseba de 
barbs form the expanded part (vane) ol 


feather. See barbule. 2. (in botany) A 
hooked hair. 


rachis: 


barbule Any of the minute filaments y 
ing a row on each side of the *barb o j 
feather. In a *contour feather adjacen 
barbules interlock by means of hooks (barbi- 
cels) and grooves, forming a firm vane. 
Down feathers have no barbicels. 


Barfoed's test A biochemical test to oe 
monosaccharide (reducing) Sugars in solu- 
tion, devised by the Swedish physician CT. 
Barfoed (1815-99). Barfoed’s reagent, a mix- 
ture of ethanoic (acetic) acid and copper(II) 


formed. The reaction will be negative in the 


Presence of disaccharide su; 
> gars as they are 
er reducing agents. 


oe Protective layer of mostly dead 
= t Covers the outside of woody stems 
T ae It includes the living and dead 
mm as extemal to the xylem, including the 
ns and periderm. The term can be used 
ine really to describe the periderm 
Eid er with other tissues isolated by the 
pe ty of the *cork cambium. In some spe- 
he ERES birch, there is one persistent 
ia Fre) but in the older stems of cer- 
a Species a second cork cambium 
eat active beneath the periderm and 
[s Periderm layers are formed every 
EOS The result is a composite tissue 
E? rhytidome, composed of cork, dead 
tex, and dead phloem cells. 


baroreceptor A receptor that 

1 responds to 

Tsa in pressure. The ‘carotid sinus in 

usi Carotid artery contains baroreceptors 

d respond to changes in arterial pressure 

st om therefore involved in the regulation 
pressure and heart beat. 


pin body A structure consisting of a con- 
an X chromosome (see sex chromo- 
(dl that is found in nondividing nuclei of 
bod. © mammals. The presence of a Barr 
is ly is used to confirm the sex of athletes 
i Sex determination tests. It is named after 
Gis anatomist M. L. Barr 
— ) who identified it in 1949. 


basal ganglia Small masses of nervous tis- 
Sue within the brain that connect the *cerc- 
brum with other parts of the nervous Sys- 
tem. They are involved with the 
Subconscious regulation of voluntary move- 
ments. 


basal metabolic rate (BMR) The rate of 
energy metabolism required to maintain an 
animal at rest. BMR is measured in terms 
ot pen estuctine perjunit time: it indi- 
cates the energy consumed in order to sus- 


BECQUEREL 


tain such vital functions as heartbeat, 
breathing, nervous activity, active transport, 
and secretion. Different tissues have differ- 
ent metabolic rates (e:g. the BMR of brain 
tissue is much greater than that of bone tis- 
sue) and therefore the tissue composition of 
an animal determines its overall BMR. For 
any comparable group of animals (such as 
mammals) BMR is proportional to body 
weight according to the allometric equation 
(see allometric growth); small animals teríd 
to have a higher metabolic rate per unit 
weight than large ones. 


base (in biochemistry See nitrogenous 
base. 


base pairing The chemical linking of two 
complementary nitrogenous bases in *DNA 
and in certain types of *RNA molecules. Of 
the four such. bases in DNA, adenine pairs 
with thymine and cytosine with guanine. In 
RNA, thymine is replaced by uracil. Base 
pairing is responsible for holding together 
the two strands of a DNA molecule to form 
a double helix and for faithful reproduction 
and reading of the *genetic code. The links 
between bases take the form of *hydrogen 


bonds. 
basic stains See staining. 


Basidiomycetes A class of *fungi in which 
sexual reproduction is by means of basidio- 
spores (spores produced externally on a 
club-shaped or cylindrical cell, the basidi- 
um). Basidia are often grouped together 
forming fruiting structures, such as mush- 
rooms, puffballs, and bracket fungi. Excep- 
tions are the “rusts and *smuts, which do 
not produce obvious fruiting bodies. 


bast An old name for *phloem. 
bats See Chiroptera. 


becquerel Symbol Bq. The SI unit of activ- 
ity (see radiation units). The unit is named 


BEES 


after the discoverer of radioactivity, A. H. 
Becquerel (1852— 1908). 


bees See Hymenoptera. 
beetles See Coleoptera. 
beet sugar See sucrose. 


behavioural genetics The branch of genet- 
ics concerned with determining the relative 
importance of the genetic constitution of 
animals as compared to environmental fac- 
tors in influencing animal behaviour. 


Benedict's test A biochemical test to de- 
lect reducing sugars in solution, devised by 
the US chemist S. R. Benedict (1884— 1936). 
Benedict's reagent — a mixture of copper(II) 
sulphate and a filtered mixture of hydrated 
Sodium citrate and hydrated sodium carbon- 
ate — is added to the test solution and 
iled. A high concentration of Teducing 
Sugars induces the formation of a red pre- 
Cipitate; a lower concentration produces a 
yellow precipitate, Benedict's test is a more 
Sensitive alternative to *Fehling's test. 


may crawl, burrow, or remain attached to a 
substrate. Compare Pelagic, 


berry A fleshy fruit formed from either one 
carpel or from several fused together and 
containing many seeds, The fruit wall may 
have two or three layers but the inner layer 


bicuspid valve See mitral yalve, 


biennial A plant that Tequires two growing 
Seasons to complete its life cycle. During 
the first year it builds up food reserves, 
which are used during the second year in 
the production of flowers and seeds. Exam- 
ples are carrot and Parsnip. 


bilateral symmetry A type of arrangement 
of the parts and organs of an animal in 
which the body can be divided into two 
halves that are mirror images of each other 
along one plane only (usually passing 
through the midline at right angles to the 
dorsal and ventral Surfaces). Bilaterally sym- 
metrical animals are characterized by a type 
of movement in which one end of the body 
always leads. In botany this type of symme- 
Uy is usually called zygomorphy when appli- 
cable to flowers (e.g. foxglove and antirrhi- 
num flowers are Zygomorphic). Compare 
radial symmetry, 


bile (gall) A bitter-tasting greenish-yellow 
alkaline fluid produced by the liver, stored 
in the *gall bladder, and secreted into the 
“duodenum of vertebrates. It assists the di- 
gestion and absorption of fats by the action 
of bile salts, which chemically reduce fatty 
Substances and decrease the surface tension 
of fat droplets so that they are broken 
down and emulsified. Bile may also stimu- 
late gut muscle contraction (*peristalsis). 
Bile also contains the pigments bilirubin and 
biliverdin, which are Produced by the break- 
down of the blood pigment *haemoglobin. 


bile duct The tube through which bile 
passes from the *liver or (when present) the 
"gall bladder to the duodenum. 


bilirubin See bile. 
biliverdin See bile. 
binocular vision The ability, found only in 
animals with forward-facing eyes, to pro- 


duce a focused image of the same object si- 
multaneously on the retinas of both eyes. 


This permits three-dimensional vision and 
contributes to distance judgment. 


binomial nomenclature The system of 
naming organisms using a two-part Latin- 
ized (or scientific) name that was devised by 
the Swedish botanist Linnaeus (Carl Linne; 
1707-78); it is also known as the Linnaean 
system. The first part is the generic name 
Gee genus), the second is the specific or 
trivial name (see species). The Latin name is 
usually printed in italics, starting with a 
capital letter. For example, in the scientific 
name of the common frog, Rana temporaria, 
Rana is the generic name and temporaria 
the species name, The name of the species 
may be followed by an abbreviated form of 
the name of its discoverer; for example, the 
S ed daisy is Bellis perennis L. (for Lin- 
cm There are several International 
yas Taxonomic Nomenclature that lay 

rules for naming organisms. See 
also classification; taxonomy. 


bioassay (biological assay) A controlled 
experiment for the quantitative estimation of 
z substance by measuring its effect in a liv- 
ing organism. For example, the amount of 
the plant hormone auxin can be estimated 
by observing its effect on the curvature of 
oat coleoptiles — the concentration of the 
hormone is proportional to the curvature of 
the coleoptile. 


biochemical oxygen demand (BOD) The 
amount of oxygen taken up by microorga- 
nisms that decompose organic waste matter 
in water, It is therefore used as a measure 
of the amount of certain types of organic 
Pollutant in water. BOD is calculated by 
keeping a sample of water containing 3 
Known amount of oxygen for five days at 
20°C. The oxygen content is 

again after this time. A high BOD indicates 
the presence of a large number of microor- 
Banisms, which suggests a high level of pol- 
lution. 


BIOENGINEERING 
biochemical taxonomy See taxonomy. 


biochemistry The study of the chemistry of 
living organisms, especially the structure and 
function of their chemical components 
(principally proteins, carbohydrates, lipids, 
and nucleic acids) Biochemistry has ad- 
vanced rapidly with the development, from 
the mid-20th century, of such techniques as 
chromatography. X-ray diffraction, 
radioisotopic labelling, and electron micros- 
copy. Using these techniques to separate 
and analyse biologically important mole- 
cules, the steps of the metabolic pathways 
in which they are involved (e.g. *glycolysis 
and the *Krebs cycle) have been deter- 
mined. This has provided some knowledge 
of how organisms obtain and store energy, 
how they manufacture and degrade their bi- 
omolecules, how they sense and respond to 
their environment, and how all this informa- 
tion is carried and expressed by their genet- 
ic material. Biochemistry forms an impor- 
tant part of many other disciplines, 
especially physiology, nutrition, and genet- 
ics, and its discoveries have made a 
profound . impact in medicine, agriculture, 
industry, and many other areas of human 


activity. 
biodegradable See pollution. 


bioenergetics The study of the flow and 
the transformations of energy that occur in 
living organisms. Typically, the amount of 
energy that an organism takes in (from food 


that lost through 
plants) transpiration; and that lost to the 
environment as heat (through respiration). 


bioengineering 1. The use of artificial tis- 
sues, organs, and organ components to re- 
place parts of the body that are damaged, 
lost, or malfunctioning, e.g. artificial limbs, 
heart valves, and heart pacemakers. 2. The 


BIOGENESIS 


application of engineering knowledge to 
medicine and zoology. 


biogenesis The principle that a living or- 
ganism can only arise from other living or- 
ganisms similar to itself (ie. that like gives 
Tise to like) and can never originate from 
nonliving material. Compare spontancous 
generation. 


biological clock The mechanism, presumed 
to exist within many animals and plants, 
that produces regular periodic changes in 
behaviour or physiology. Biological clocks 
underlie many of the *circadian, tidal, and 
annual rhythms seen in organisms (eg. 
hibernation in animals). Tney continue to 
run even when conditions are kept artificial- 
ly constant, but eventually drift out of step 
with the natural environment without the 
specific signals tha: normally keep them 
synchronized. 


biological control The control of pests by 
biological (rather than Chemical) means. 
This may be achieved, for example, by 
breeding disease-resistant crops or by intro- 
ducing a natural enemy of the pest, such as 
a predator or a parasite, This technique, 
which may offer substantial advantages over 
the use of pesticides or herbicides, has been 
employed successfully on a number of occa- 
sions, One notable example was the control 
of the prickly pear cactus (Opuntia) in Aus- 
tralia by introducing the cactus moth 
(Cactoblastis cactorum), whose caterpillars 
feed on the plant’s growing shoots. Insect 
Pests have been controlled by releasing large 
numbers of males of the Pest species that 
have been: sterilized by radiation: infertile 
matings subsequently cause a decline in the 
Pest population. 


biology The study of living organisms, 
which includes their Structure (gross and mi- 
croscopical), functioning, origin and evolu- 
tion, classification, interrelationships, and 
distribution. 


bioluminescence The emission of light 
without heat by living organisms. The phe- 
nomenon occurs in glow-worms and fireflies, 
bacteria and fungi, and in many deep-sea 
fish (among others); in animals it may serve 
as a means of protection (e.g. by disguising 
the shape of a fish) or species recognition or 
it may provide mating signals. The light is 
Produced during the oxidation of a com- 
Pound called fuciferin (the composition of 
which varies according to the species), the 
reaction being catalysed by an enzyme, lu- 
ciferase. Bioluminescence may be continuous 
(e.g. in bacteria) or intermittent (e.g. in fire- 
flies). 


biomass The total mass of all the organ- 
isms of a given type and/or in a given area; 
for example, the world biomass of trees, or 
the biomass of elephants in the Serengeti 
National Park. 


biome A large naturally occurring assem- 
blage of plant and animal species that are 
of the same general type, being adapted to 
the particular conditions in which they oc- 
cur. Examples of biomes are tundra and 
tropical rain forest. 


biophysics The study of the physical as- 
Pects of biology, including the application 
of physical laws and the techniques of phys- 
ics to study biological phenomena. 


biopoiesis The development of living mat- 
ter from complex organic molecules that are 
themselves nonliving but self-replicating. It 
is the process by which life is assumed to 
have begun. See origin of life. 


biorhythm A roughly periodic change in 
the behaviour or Physiology of an organism 
that is generated and maintained by a *bio- 
logical clock. A well-known example is the 
circadian rhythm occurring in many animals 
and plants. The term biorhythm has unfor- 
tunately also become associated with a 
Pseudoscientific cult postulating that man's 


physical, emotional, and intellectual beha- 
viour is influenced by three biological cycles 
with periodicities of exactly 23 days, 28 
days, and 33 days respectively. There is no 
reliable evidence to support this theory. 


biosphere The whole of the region of the 
carth’s surface, the sea, and the air that is 
inhabited by living organisms. 


biosynthesis The producticn of molecules 
by a living cell, which is the essential fea- 
ture of *anabolism. 


biosystematics See systematics. 


biotechnology The development of tech- 
niques for the application of biological pro- 
cesses to the production of materials of use 
in medicine and industry. For example, the 
production of antibiotics, cheese, and wine 
rely on the activity of various fungi and 
bacteria. *Genetic engineering can modify 
bacterial cells to synthesize completely new 
substances, e.g. hormones. 


biotic environment The part of an organ- 
ism's environment that consists of other liv- 


ways; for 
predators, parasites, prey, OF 
time, the distribution and abundance of the 
organism will be affected by its interrela- 
tionships with the biotic environment. 


biotin A vitamin in the vitamin B com- 
plex. It is the *coenzyme for various en- 


from the gut. Other 


clude cereals, vegetables, milk, and liver. 
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BLASTULA 
birds See Aves. 
bisexual (in biology) See hermaphrodite. 


biuret test A biochemical test to detect 
proteins in solution, named after the sub- 
stance biuret (H;NCONHCONH,), which is 
formed when urea is heated. Sodium hy- 
droxide is mixed with the test solution and 
drops of 1% copper(II) sulphate solution are 
then added slowly. A positive result is indi- 
cated by a violet ring, caused by the reac- 
tion of *peptide bonds in the proteins or 
peptides. Such a result will not occur in the 
presence of free amino acids. 


bivalent (in genetics) See pairing. 
bivalves See Lamellibranchia. 


bladder 1. (in anatomy) a. A hollow mus- 
cular organ in most vertebrates, also known 


jdneys to the 
bladder by thc 
the outside through the 
various other saclike organs in animals for 
the storage of liquid or gas. See gall blad- 
der, swim bladder. 2. (in botany) a A 
modified submerged leaf of certain aquatic 
insectivorous plants, such as the bladder- 
wort (Utricularia). It forms a hollow with a 
single opening that is sealed by a valve to 
trap small aquatic invertebrates after they 
have been sucked in. b. An air-filled cavity 
in the thallus of certain seaweeds, such as 
the bladderwrack (Fucus vesiculosus). 


blastocoel See blastula. 
blastocyst See blastula; implantation. 


blastula The first stage of development of 
an animal embryo, formed as a result of 
*cleavage of a fertilized egg. This stage gen- 
erally resembles a hollow ball with the di- 
viding cells (blastomeres) of the embryo 


BLENDING INHERITANCE 


forming a layer (blastoderm) around a cen- 
tral cavity (blastocoel). Insect eggs have no 
blastula. In vertebrates the blastula forms a 
disc (blastodisc) on the surface of the yolk. 
In mammals the blastula Stage is known as 
a blastocyst. See also gastrula. 


blending inheritance The early theory that 
assumed that hereditary substances from 
Parents merge together in their offspring. 
Mendel showed that this does not occur (see 
Mendel's laws). In breeding experiments an 
appearahce of blending may result from co- 
dominant alleles (see co-dominance) and 
*polygenes but close study shows that the 
alleles retain their identity through succes- 
Sive generations. Compare particulate inheri- 
tance, 


blind spot The Portion of the retina at 
Which blood vessels and nerve fibres enter 
the optic nerve. There are No rods or cones 
in this area, so no visual image can be 
transmitted from it. 


blood A fluid body tissue that acts as a 
transport medium within an animal. It is 
contained within a blood “vascular system 
and in vertebrates is Circulated by means of 
contractions of the *heart. Oxygen and food 


àre carried to tissues, and carbon dioxide 
and chemical (nitrogenous) waste are trans- 
Ported from tissues to excretory organs for 
disposal (excretion). In addition blood car- 
ries *hormones and also acts as a defence 
system. Blood consists of a liquid (see blood 
plasma) containing blood cells (see erythro- 
cyte; leucocyte) and “platelets. 


blood-brain barrier The mechanism that 
controls the passage of substances from the 
blood to the cerebrospinal fluid bathing the 
brain and spinal cord. It takes the form of 
a semipermeable lipid membrane permitting 
the passage of solutions but excluding parti- 
cles and large molecules. This barrier pro- 
vides the central nervous system with a con- 
stant environment, while not interfering with 
the transport of essential metabolites, 


blood cell (blood corpuscle) Any of the 
cells that are normally found in the blood 
plasma. These include red cells (see erythro- 
cyte) and white cells (see leucocyte). 


blood clotting (blood coagulation) The 
Production of a mass of semisolid material 
at the site of am injury that closes the 
wound, helping to prevent further blood loss 
and bacterial invasion. The clot 


is formed 
blood . 
plasma blood celis platelets 
DES 
serum fibrin and 
clotting lei erythrocytes 
factors (white cells) (red celis) 
granulocytes lymphocytes 


monocytes 


9 


Composition of mammalian blood 
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by the action of ‘clotting factors and 
“platelets, which produce a network of *fi- 
brin fibres in which blood cells become en- 
tangled. This is at first jelly-like but gradu- 
ally dries to form a crust or scab. 


blood groups The many types into which 
an individual's blood may be classified, 
based on the presence or absence of certain 
proteins (*antigens) on the surface of the 
red blood cells. Blood of one group contains 
*antibodies in the serum that react against 
the antigens on the cells of other groups. 
Incompatibility between groups results in 
clumping of cells (*agglutination), so knowl- 
edge of blood groups is important for blood 
transfusions. In man, the two most impor- 
tant blood group systems are the *ABO sys- 
tem and the system involving the *rhesus 
factor. 


blood plasma The liquid part of the 
*blood (ie. excluding blood cells) It con- 
sists of water containing a large number of 
dissolved substances, including proteins, 
salts (especially sodium and potassium chlo- 
rides and bicarbonates), food materials (glu- 
cose, amino acids, fats), hormones, vitamins, 
and excretory materials. See also blood sc- 
rum; lymph. 


blood pressure The pressure exerted by 
the flow of blood through the major arteries 
of the body. This pressure is greatest during 
the contraction of the ventricles of the heart 
(systolic pressure; see systole), which forces 
blood into the arterial system. Pressure falls 
to its lowest level when the heart is filling 
with blood (diastolic pressure; see diastole). 
Blood pressure is measured in millimetres of 
mercury using an instrument called a sphyg- 
momanometer. Normal blood pressure for à 
young average adult human is in the region 
of 120/80 mmHg (the higher number is the 
systolic blood pressure; the lower number 
the diastolic blood pressure), but individual 
variations are common. Abnormally high 
blood pressure (hypertension) may be associ- 
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BONE 


ated with disease or it may occur without 
an apparent cause. 


blood serum Blood plasma from which the 
fibrin and clotting factors have been re- 
moved by centrifugation or vigorous stirring, 
so that it cannot clot. Serum containing a 
specific antibody or antitoxin may be used 
in the treatment or prevention of certain in- 
fections. Such serum is generally derived 
from a nonhuman mammal (e.g. a horse). 


blood vascular system The tissues and or- 
gans of an animal that transport blood 
through the body. In vertebrates it consists 
of the heart and blood vessels. See vascular 
system. " 


blood vessel A tubular structure through 
which the blood of an animal flows. See ar- 
tery; arteriole; capillary; venule; vein. 


blue-green algae See Cyanophyta. 
BOD See biochemical oxygen demand. 


body cavity The internal cavity of the 
body of an animal, which is present in most 
invertebrates and all v-.tebrates and con- 
tains the major organs. The body cavity of 
vertebrates and many invertebrates is the 
*coelom, In vertebrates the body cavity is 
divided by a transverse septum just posteri- 
or to the heart into the abdominal and tho- 
racic cavities (see abdomen; thorax). In 


mammals the septum is the *diaphragm. 


bone The hard connective tissue of which 
the *skeleton of most vertebrates is formed. 
It comprises a matrix of “collagen fibres 
(30%) impregnated with bone salts (70%), 
mostly calcium phosphate, in which are em- 
bedded bone cells (osteoblasts and osteo- 
cytes), which secrete the matrix. Bone gener- 
ally replaces embryonic *cartilage and is of 
two sorts - compact bone and spongy 
bone. The outer compact bone is formed as 
concentric layers (lamellae) that surround 


single Haversian 
system 


Structure of compact bone 


small holes (*Haversian canals). The inner 
spongy bone is chemically similar but forms 
a network of bony bars. The spaces between 
the bars may contain bone marrow or (in 
birds) air for lightness. See also cartilage 
bone; membrane bone. 


bone marrow A soft tissue contained with- 
in the central cavity and internal spaces of 
a bone. At birth and in young animals the 
marrow of all bones is concerned with the 
formation of blood cells: it contains *myc- 
loid tissue and is known as red marrow. In 
mature animals the marrow of the long 
bones ceases producing blood cells and is 
replaced by fat, being known as yellow mar- 
row. 


bony fishes See Osteichthyes. 


borax carmine A red dye, used in optical 
microscopy, that stains nuclei and cytoplasm 
pink. It is frequently used to stain large 
pieces of animal tissue, 


botany The scientific study of plants, in- 
cluding their anatomy, morphology, physiol- 
98y, biochemistry, taxonomy, cytology, ge- 
netics, ecology, evolution, and geographical 
distribution. 


Bowman’s capsule The cup-shaped end of 
a kidney *nephron. It is named after its dis- 
coverer, the British physician Sir William 
Bowman (1816-92). 


bract A modified leaf with a flower or in- 
florescence in its axil. Bracts are often 
brightly coloured and may be mistaken for 
the petals of a flower. For example the 
showy ‘flowers’ of' Poinsettia and Bougainvil- 
lea are composed of bracts; the true flowers 
are comparatively inconspicuous. See also 
involucre. 


bracteole A reduced leaf that arises from 
the stalk of an individual flower. 


bradykinin See kinin. 


cerebrum 


. lateral ventriclo 


third ventricle 


pons Varolii 
medulla oblongata 


spinal cord: cerebellum 


The human brain 


brain 1. The enlarged anterior part of the 
Vertebrate central nervous system, which is 
encased within the cranium of the skull. 
Continuous with the spinal cord, the brain 
is surrounded by three membranes (see me- 
ninges) and bathed in cerebrospinal fluid, 


which fills internal cavities (*ventricles). It 
functions as the main coordinating centre 
for nervous activity, receiving information 
(in the form of nerve impulses) from sense 
Organs, interpreting it, and transmitting 'in- 
structions’ to muscles and other “effectors. 
It is also the seat of intelligence and memo- 
ry. 

The embryonic vertebrate brain is in three 
Sections (see forebrain; hindbrain; mid- 
brain), which become further differentiated 
during development into specialized regions. 
The main parts of the adult human brain 
are a highly developed *cerebrum in the 
form of two cerebral hemispheres, a *cere- 
bellum, *medulla oblongata, and *hypothal- 
amus. 2. A concentration of nerve *ganglia 
At the anterior end of an invertebrate 
animal. 


brain death The permanent absence of vi- 
lal functions of the brain, which is marked 
by cessation of breathing and other reflexes 
Controlled by the *brainstem and by a zero 
reading on an *electroencephalogram. Or- 
gans may be removed for transplantation 
When brain death is established, which may 
Rot necessarily be associated with perma- 
nent absence of heart beat. 


brainstem The part of the brain comprising 
the *medulla oblongata, the *midbrain, and 
the "pons. It resembles and is continuous 
With the spinal cord. The midbrain controls 
and integrates reflex activities (such as res- 
Piration) that originate in higher centres of 
the brain via a network of nerve pathways 
(the reticular formation). 


breathing See respiratory movement. 


breed A domesticated *variety of an animal 
OF, rarely, a cultivated variety of plant. Cul- 
tivated plants are more often simply called 
Varieties or, more correctly, *cultivars. Ex- 
amples of animal breeds are Friesian cattle 
and Shetland sheepdogs. 
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BROWNIAN MOVEMENT 


bronchiole A fine respiratory tube in the 
lungs of reptiles, birds, and mammals. It is 
formed by the subdivision of a *bronchus 
and in reptiles and mammals it terminates 
in a number of *alveoli. 


bronchus (bronchial tube) One of the 
major air tubes in the *lung. The *trachea 
divides into two main bronchi, one for each 
lung, which split into smaller bronchi and 
then into *bronchioles. The walls of the 
bronchi are stiffened by rings of cartilage. 


brown algae See Phacophyta. 


brown fat A darker coloured region of 
*adipose tissue found in newborn and hiber- 
nating animals (in which it may also be 
called the hibernating gland). Compared to 
normal white *fat, deposits of brown fat are 
more richly supplied with blood vessels and 
have a higher proportion of unsaturated fat- 
ty acids. They can also be more rapidly 
converted to heat energy, especially during 
arousal from hibernation and during cold 
stress in young animals. Since the deposits 
are strategically placed near major blood 
vessels, the heat they generate warms the 
blood returning to the heart 

It has been said that some types of obesi- 
ty in man may be linked to a lack of brown 
fat in affected individuals: in normal indi- 
viduals, an intake of excess food is convert- 
ed into brown fat and rapidly metabolized. 


Brownian movement The continuous ran- 
dom movement of microscopic solid parti- 
cles (of about 1 micrometre in diameter) 
when suspended in a fluid medium. First 
observed by the botanist Robert Brown 
(1773-1858) in 1827 when studying pollen 
particles, it was originally thought to be the 
manifestation of some vital force. It was lat- 
ex recognized to be a consequence of bom- 
bardment of the particles by the continually 
moving molecules of the liquid. The smaller 
the particles the more extensive is the mo- 
tion. It can be observed in the particles of a 


BRYOPHYTA 


colloidal solution and in the Protoplasm of 
dead cells. 


Bryophyta A division of simple plants pos- 
sessing no vascular tissue and rudimentary 
Tootlike organs (rhizoids). It contains the 
classes *Musci (mosses) and *Hepaticae (liv- 
€tworts). Bryophytes grow in a variety of 
damp habitats, from fresh water to rock 
surfaces. Some usc other plants for support. 
Bryophytes show a marked *alternation of 
generations between gamete-bearing forms 
(gametophytes) and spore-bearing forms 
(sporophytes), the latter being dependent on 
the former for water and nutrients. The 
leaves, stems, and roots of the gametophyte 
generation are not equivalent to those of 
higher (vascular) plants since the whole 
Structure is *haploid. 


Bryozoa See Polyzoa. 


buccal cavity The mouth cavity: the begin- 
ning of the “alimentary canal, which leads 
to the pharynx and (in Vertebrates) to the 
oesophagus. In mammals it contains the 
tongue and teeth, which assist in the 
mechanical breakdown of food, and the 
openings of the *salivary gland ducts, 


bud 1. (in botany) A condensed immature 
Shoot with a short stem bearing small 
folded or rolled leaves. The Outer leaves of 
a bud are often scalelike and protect the 
delicate inner leaves. A terminal (or apical) 
bud exists at the tip of a stem or branch 
while axillary (or lateral) buds develop in 
the *axils of leaves, However, in certain cir- 
cumstances buds can be produced anywhere 
on the surface of a plant. Some buds re- 
main dormant, but may become active if 
the terminal bud is removed. It is Common 
Bardening practice to remove the terminal 
buds of some shoots to induce the develop- 
ment of lateral shoots from axillary buds. 
See also apical dominance. 2, (in biology) 
An outgrowth from a parent organism that 


breaks away and develops into a new indi- 
vidual in the process of “budding. 


budding 1. (in biology) A method of asex- 
ual reproduction in which a new individual 
is derived from an outgrowth (bud) that be- 
comes detached from the body of the par- 
ent. In animals the process is also called 
gemmation; it is common in coelenterates 
(eg. Hydra) and also occurs in some 
sponges and other invertebrates. Among 
plants, budding is characteristic of the 
yeasts and other unicellular fungi. 2. (in 
horticulture) A method of grafting in which 
a bud of the scion is inserted onto the 
stock, usually beneath the bark. 


buffer A solution that resists change in pH 
when an acid or alkali is added or when the 
Solution is diluted. Acidic buffers consist of 
a weak acid with a salt of the acid. The salt 
Provides the negative ion A~, which is the 
Conjugate base of the acid HA. An example 
is carbonic acid and sodium hydrogen- 
carbonate. Basic buffers have a weak base 
and a salt of the base (to provide the conju- 
gate acid). An example is ammonia solution 
with ammonium chloride, In the hydrogen- 
carbonate buffer, for example, molecules 
H,CO, and ions HCO,~ are present. 
When acid is added most of the extra pro- 
tons are removed by the base: 
HCO,- + H+ + H,CO, 

When base is added, most of the extra hy- 
droxide ions are removed by reaction with 
undissociated acid: 

OH- + H,CO, — HCO, ` + H,O 
Thus, the addition of acid or base changes 
the pH very little, 

Natural buffers occur in living organisms, 
where the biochemical reactions are very 
Sensitive to change in PH (see acid—base 
balance). The main natural buffers are 
H,CO,/HCO,- and H,PO, -/HPO,?~. 
Buffer solutions are also used in the labora- 
tory (e.g. to keep microscopical preparations 
at their original pHs in order to prevent the 
formation of artefacts), in medicine (eg. in 


intravenous injections), in agriculture, and 
in many industrial processes (c.g. dyeing, 
fermentation processes, and the food indus- 
try). 


bugs See Hemiptera. 


terminal,bud 


scale—| 

mee swollen leaf 
bases 
flattened 
stem 


winter 


foliage !eaves 
and flowers 
develop from 
terminal bud 


leaf bases 
shrivel as 
food used for 
growing plant 


spring 
withered foliage 
leaves 
swelling leat 
new bases forming 
bud new bulb 
autumn 


Development of a bulb 


bulb An underground plant organ that en- 
ables a plant to survive from one growing 
Season to the next. It is a modified shoot 
with a short flattened stem. A terminal bud 
develops at the centre of its upper surface, 


CALCIFEROL 


surrounded by swollen leaf bases that con- 
tain food stored from the previous growing 
season. Papery brown scale leaves cover the 
outside of the bulb. The stored food is used 
in the growing season when the terminal 
bud produces foliage leaves and flowers. 
The new leaves photosynthesize and some of 
the manufactured food passes into the leaf 
bases forming a new bulb. If more than one 
bud develops, then additional bulbs form, 
resulting in vegetative propagation. Exam- 
ples of bulb-forming plants are daffodil, on- 
ion, and tulip. Compare corm. 


bulbil A small bulblike organ that may de- 
velop in place of a flower, from an axillary 
bud, or at the base of a stem in certain 
plants. If it becomes detached it develops 
into a new plant. 


bulla The rounded hollow projection of 
bone from the skull that encloses the *mid- 
dle car in mammals. 


butanedioic acid See succinic acid. 
butterflies See Lepidoptera. 


buttress root See prop root. 


C 


caecum A pouch in the alimentary canal of 
vertebrates between the *small intestine and 
*colon. The caecum (and its *appendix) is 
large and highly developed in herbivorous 
animals (c.g. rabbits and cows), in which it 
contains a large population of bacteria eS- 
sential for the breakdown of cellulose. In 
humans the caecum is a *vestigial organ 
and is poorly developed. 


Cainozoic See Cenozoic. 
calciferol See vitamin D. 


CALCITONIN 


calcitonin (thyrocalcitonin) A hormone, 
Produced by the mammalian *thyroid gland, 
that lowers the Concentration. of calcium 
(and phosphate) in the blood. It Operates in 


element that is an "essential element for liy- 
ing erganisms, 
growth and development, In animals it is an 
important Constituent of bones and teeth 
and is present in the blood, being required 
for muscle contraction and other metabolic 


Calcium cyclamate An organic calcium 
salt, (C; Hi ,NHSO;)Ca.2H, 0, 


Of 1 gram of water by 


largely replaced by the ‘joule, an *SI unit. 
1 calorie = 4.186 8 joules, 


calorific value The heat per unit mass ha 
duced by complete combustion of a given 
Substance. Calorific values are used to ex- 
Press the energy values of fuels; Bc 
these are expressed in megajoules per NE. 
gram (MJkg-!) They are also used : 
measure the energy content of foodstuffs; 
Le. the energy produced when the food is 
oxidized in the body. The units here arc 
kilojoules per gram (KJ g~ !), although Cale 
ries (kilocalories) are often still used in non 
technical contexts, 


calyptra 1. A layer of cells that covers oe 
developing sporophyte of bryophytes aa 
pteridophytes, In mosses it forms a hi 
over the *capsule and in liverworts it MT 
a sheath at the base of the capsule stalk. 2. 
See root cap. 


; m. t 
calyptrogen The region within the root 
“apical meristem that divides to produce the 
*root cap (calyptra). 


Calyx The *sepals of a flower, collectively, 
forming the outer whorl of the *perianth. It 
encloses the petals, stamens, and carpels 
and protects the flower in bud. See also 
Pappus. 


cambium (lateral meristem) A plant tis- 
Sue consisting of actively dividing cells (see 
meristem) that is responsible for increasing 
the girth of the plant, ie. it causes second- 
ary growth. The two most important cambia 
are the vascular cambium and the “cork 
cambium. The vascular cambium occurs in 
the stem and Toot; it divides to produce 
Secondary *xylem and secondary *phloem 
(new food- and water-conducting tissues). 
Compare apical meristem. 


Cambrian The earliest geological period of 
the Palacozoic era. It is estimated to have 


brian rocks are the first to contain an abun- 
dance of fossils. Cambrian fossils are all of 
marine animals; they include “trilobites, 
which dominated the Cambrian seas, echi- 
noderms, brachiopods, molluscs, and primi- 
tive *graptolites (from the mid Cambrian). 
Trace *fossils also provide evidence for a 
variety of worms. 


Canada balsam A yellow-tinted resin used 
for mounting specimens in optical microsco- 
py. It has similar optical properties to glass. 


cancer Any disorder of -cell growth that re- 
sults in invasion and destruction of sur- 
rounding healthy tissue by the abnormal 
cells. Cancer cells arise from normal cells 
whose nature is permanently changed. They 
multiply more rapidly than healthy body 
cells and do not seem spbject to normal 
control by nerves and hormones. ‘They may 
spread via the bloodstream or lymphatic 
system to other parts of the body, where 
they produce further tissue damage (metas- 
tases). Malignant tumours are a form of can- 
cer and leukaemia is cancer of white blood 
cells. Probable causative agents (carcinogens) 
include various chemicals, skin irritants 
(such as tobacco smoke), silica and asbestos 
particles, and *oncogenic viruses. Hereditary 
factors and stress may also play a role. 


cane sugar See sucrose. 


canine tooth A sharp conical *tooth in 
mammals that is large and highly developed 
in carnivores (c.g. dogs) for tearing meat. 
There are two canines in each jaw, each sit- 
uated between the second *incisor and the 
first *premolar. In some animals (e.g. herbi- 
vores, such as giraffes and rabbits) canine 
teeth are absent. 


capillarity See surface tension. 
capillary The narrowest type of blood ves- 


sel in the vertebrate circulatory system. 
Capillaries conduct blood from “arterioles 
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CAPSULE 


to all living cells: their walls are only one 
cell layer thick, so that oxygen and nutri- 
ents can pass through them into the sur- 
rounding tissues. Capillaries also transport 
waste material (e.g. urea and carbon diox- 
ide) to venules for ultimate excretion. Capil- 
laries can be constricted or dilated, accord- 
ing to local tissue requirements. 


capitulum A type of flowering shoot (see 
racemose inflorescence) characteristic of 
plants of the family Compositae, e.g. daisy 
and dandelion. The tip of tbe shoot is flat- 
tened and bears many small stalkless flow- 
ers (florets) surrounded by an involucre 
(ring) of bracts. This arrangement gives the 
appearance of a single flower. 


capsid The protein coat of a *virus. The 
chemical nature of the capsid is important 
in stimulating the body's *immune response 
against the invading virus. 


capsule 1. (in botany) a. A dry fruit that 
releases its seeds when ripe; it is formed 
from several fused carpels and contains 
many seeds. The seeds may be dispersed 
through pores (as in the poppy), through a 
lid (as in plantain), or by the splitting and 
separation of th: individual carpels (as in 
the crocus). Various other forms of capsules 
include the *silicula and *siliqua. b. The 
part of the sporophyte of mosses and liver- 
worts in which the haploid spores are pro- 
duced. It is borne on a long stalk (seta) and 
sheds its spores when mature (see peri- 
stome). 2. (in microbiology) A thick gelati- 
nous layer completely surrounding the cell 
wall of certain bacteria. It appears to have a 
protective function, making ingestion of the 
bacterial cell by *phagocytes more difficult 
and preventing desiccation. 3. (in animal 
anatomy) a. The membranous or fibrous en- 
velope that surrounds certain organs, e.g. 
the kidneys, spleen, and lymph nodes. b. 
The ligamentous sheath of connective tissue 
that surrounds various skeletal joints. 


CARAPACE 


carapace 1. The dorsal part of the *exo- 
skeleton of some crustaceans (e.g. crabs), 
which spreads like a shield over several seg- 
ments of the head and thorax. 2. The 
domed dorsal part of the shell of tortoises 
and turtles, formed of bony plates fused 
with the ribs and vertebrae and covered by 
a horny epidermal layer. The ventral part of 
the shell (plastron) is similar but flatter. 


carbamide See urea. 


carbohydrate One of a group of organic 
compounds based on the general formula 
C, (H,0),. The simplest carbohydrates are 
the *sugars (saccharides), including glucose 
and sucrose. *Polysaccharides are carbohy- 
drates of much greater molecular weight 
and complexity; examples are starch, glyco- 
gen, and cellulose. Carbohydrates perform 
Many vital roles in living organisms, Sugars, 
notably glucose, and their derivatives are es- 
sential intermediates in the conversion of 
food to energy. Starch and other 
Polysaccharides serve as energy stores in 
Plants, particularly in seeds, tubers, etc, 
which provide a major energy source for an- 
imals, including man. Cellulose, lignin, . and 
others form the Supporting cell walls and 
Woody tissue of plants. Chitin is a Structural 
Polysaccharide found in the body shells of 
many invertebrate animals, Carbohydrates 
also occur in the surface coat of animal 
cells and in bacterial cell walls, 


carbon Symbol C. A nonmetallic element 
that occurs in all Organic compounds and is 
therefore basic to the Structure of all living 
organisms. It is an *essential element for 
plants and animals, being ultimately derived 
from atmospheric carbon dioxide assimilated 
by plants during Photosynthesis (see carbon 
cycle). The ubiquitous nature of carbon in 
living organisms is due to its unique ability 
to form stable covalent bonds with other 
carbon atoms and also with hydrogen, oxy- 
gen, nitrogen, and sulphur atoms, resulting 


in the formation of a variety of compounds 
containing chains and rings of carbon at- 
oms. 

There are two stable isotopes of carbon 
(proton numbers 12 and 13) and four radio- 
active ones (10, 11, 14, 15). Carbon-14 is 
used in *carbon dating. 


carbon cycle One of the major cycles of 
chemical elements in the environment. Car- 
bon (as carbon dioxide) is taken up from 
the atmosphere and incorporated into the 
tissues of piants in *photosynthesis. It may 
then pass into the bodies of animals as the 
plants are eaten (see food chain). During 
the respiration of plants, animals, and or- 
ganisms that bring about decomposition, 
carbon dioxide is retumed to the atmos- 
phere. The combustion of fossil fuels (e.g. 
coal and peat, which are of organic origin) 
also releases carbon dioxide into the atmos- 
phere. 


tosynthesis stops and the ratio of radiocar- 
bon atoms to stable carbon atoms begins to 
fall as the radiocarbon decays. The ratio 
"Cv "°C in the specimen can be measured 
and enables the time that has elapsed since 
the tree was cut down to be calculated. The 
method has been shown to Bive consistent 
Tesults for specimens up to some 40000 
years old, though its accuracy depends upon 
assumptions concerning the Past intensity of 
the cosmic radiation. The technique was de- 
veloped by Willard F. Libby (1908-80) and 


his coworkers in 1946—47, 
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The carbon cycle in nature 


carbon dioxide A colourless odourless gas, 
CO). It occurs in the atmosphere (0.03% by 
volume) but has a short residence time in 
this phase as it is both consumed by plants 
during *photosynthesis and produced by 
“respiration and by combustion. 

The level of carbon dioxide in the atmos- 
phere has been the subject of much environ- 
mental controversy as it is argued that ex- 
tensive burning of fossil fuels will increase 
the overall CO, concentration and then, by 
the “greenhouse effect, increase atmospheric 
temperatures and cause climatic modifica- 
tion. The full significance of all the factors 
Temains to be established. 


Carboniferous A geological period in the 
Palaeozoic era. It began about 345 million 
years ago, following the Devonian period, 
and extended until the beginning of the Per- 
mian period, about 280 million years ago. 
In Europe the period is divided into the 
Lower and Upper Carboniferous, which 
Toughly correspond to the Mississippian and 
Pennsylvanian periods, respectively, of 
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North America. During the Lower Carbonif- 
erous a marine transgression occurred and 
the characteristic rock of this division — the 
Carboniferous limestone — was laid down in 
the shallow seas. Fauna included 
foraminiferans, corals, bryozoans, brachio- 
pods, blastoids, and other invertebrates. The 
Upper Carboniferous saw the deposition of 
the nfillstone grit, a mixture of shale and 
sandstone formed in deltaic conditions, fol- 
lowed by the coal measures, alternating 
beds of coal, sandstone, shale, and clay. The 
coal was formed from the vast swamp for- 
ests composed of seed ferns, lycopsids, and 
other plants. During the period fishes con- 
tinued to diversify and amphibians became 
more common. 


carboxyl group The organic group 
—CO.OH, present in *carboxylic acids. 


carboxylic acids Organic compounds con- 
taining the group -CO.OH (the carboxyl 
group; ic. a carbonyl group attached to a 
hydroxyl group). Many long-chain carboxyl- 
ic acids occur naturally as esters in fats and 


Carboxylic acid structure 


oils and are therefore also known as *fatty 
acids. See also glycerides. 


Garcerulus A dry fruit that is a type of 
*schizocarp. It consists of a number of one- 
seeded fragments (mericarps) that adhere to 
a central axis. It is characteristic of mallow. 


carcinogen Any agent that produces *can- 
Cet, ©. tobacco smoke, certain industrial 
chemicals, and “ionizing radiation (such as 
X-rays and ultraviolet Tays). 


cardiac 1, Relating to the heart. 2. Relat- 
ing to the part of the stomach nearest to 
the oesophagus. 


interlock, and the muscle itself shows spon- 
taneous contraction and does not need ner- 
vous stimulation (see pacemaker). The vagus 
nerve to the heart can, however, affect the 
rate of contraction, 


carnassial teeth Molar and premolar teeth 
modified for shearing flesh by having cusps 
with sharp cutting edges. They are typical 
of animals of the order "Carnivora (e.g. 
tigers, wolves), in which they are the first 
molars in the lower jaw and the last premo- 
lars in the upper. 


Carnivora An order of mainly flesh-cating 
Trammals that includes the dogs, wolves, 
bears, badgers, weasels, and cats, Carnivores 
typically have very keen sight, smell, and 
hearing. The hinge joint between the lower 
jaw and skull is very tight, allowing no lat- 
eral movement of the lower jaw. This — to- 
gether with the arrangement of jaw muscles 


— enables a powerful bite, The teeth 
respec fo stabbing and tearing 
flesh: canines are large and pointed and 
some of the cheek teeth are modified for 
shearing (see carnassial teeth). 


camivore An animal that cats meat, espe- 
cially a member of the order *Carnivora 
(c.g. tigers, wolves). Carnivores arc special- 
ized by having strong powerful jaws and 

canine teeth. They may bc 
Predators or carrion eaters. Compare herbi- 
vore; omnivore. 


carnivorous plant (insectivorous plant) 
Any plant that supplements its supply of ni- 
trates in conditions of nitrate deficiency by 
digesting small animals, especially insects. 
Such plants are adapted in various ways to 
attract and trap the insects and Produce 
Proteolytic enzymes to digest them. Venus 
fly trap (Dionaea), for example, has spiny- 
margined hinged leaves that snap shut on 
an alighting insect. Sundews (Drosera) trap 
and digest insects by means of glandular 
leaves that secrete a Sticky substance, and 
Pitcher plants (families Nepenthaceae and 
Sarraceniaceae) have leaves modified as 
Pitchers into which insects fall, drowning in 
the water and digestive enzymes at the bot- 
tom. 


carotene A member of a class of *carote- 


noid pigments. Examples are B-carotene and 
lycopene, which colour carrot roots and ripe 


carotenoid Any of a group of yellow, or- 
ange, red, or brown plant pigments chemi- 
cally related to terpenes. Carotenoids are re. 


carrots, and autumn leaves. They also func- 
tion in the light reactions of *photosynthe- 
sis. See carotene; xanthophyll. 


carotid artery The major artery that sup- 
Plies blood to the head. A pair of common 
carotid arteries arise from the aorta (on the 
left) and the innominate artery (on the 
Tight) and run up the neck; each branches 
into an external and an internal carotid ar- 
tery, which supply the head. 


pre body One of a pair of tissue mass- 
adjacent to the *carotid sinus. Each con- 
m eto that are sensitive to oxygen 
[Sa des (acidity) in the blood. High 
m ol carbon dioxide in the blood lower 

z pH (ie. increase the acidity). By re- 
Rare to fluctuations in pH, the carotid 
ody coordinates reflex changes in respira- 
tion rate. 


carotid sinus An enlarged region of the 
“carotid artery at its major branching point 
in the neck. Its walls contain many recep- 
tors that are sensitive to changes in pressure 
and it regulates blood pressure by initiating 
Teflex changes in heart rate and dilation of 
blood vessels. 


nape (carpal bone) One of the bones 
at form the wrist (see carpus) in terrestrial 
vertebrates. 


Carpel The female reproductive organ of a 
flower. Typically it consists of a *stigma, 
style, and *ovary. It is thought to have 
evolved by the fusion of the two edges of a 
flattened megasporophyll (see sporophyll). 
Each flower may have one carpel (monocar- 
pellary) or many (polycarpellary), either free 
(apocarpous) or fused together (syncarpous). 
See also pistil. 


carpus The wrist (or corresponding part of 
M foe in terrestrial vertebrates, con- 
sisting of a number of small bones (carpals). 
Benet of re bones varies with the 

j. | rabbit, ‘for example, has two 
tows of carpals, the first (proximal) row 
containing three bones and the second (dis- 
tal) row five, In humans there are also eight 
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carpals. This large number of bones enables 
flexibility at the wrist joint, between the 
hand and forelimb. See also pentadactyl 
limb. 


carrier 1. (in medicine) An individual who 
harbours a particular disease-causing micro- 
organism without ill-effects and who can 
transmit the microorganism to others. Com- 
pare vector. 2. (in genetics) An individual 
with an “allele for some defective condition 
that is masked by a normal *dominant al- 
iele. Such individuals therefore do not suffer 
from the condition themselves but they may 
pass on the defective allele to their off- 
spring. In humans, women may be carriers 
of such conditions as red-green colour 
blindness and haemophilia, the alleles for 
which are carried on the X chromosomes 
(see sex linkage). 


cartilage (gristle) A firm flexible connec- 
tive tissue that forms the adult skeleton of 
cartilaginous fish (¢.g. sharks). It comprises 
a matrix consisting chiefly of a muco- 
polysaccharide called chondroitin sulphate se- 
creted by cells (chondroblasts) that become 
embedded in the matrix as chondrocytes. In 
other vertebrates cartilage forms the skele- 
ton of the embryo, being largely replaced by 
*bone in mature animals. It persists in areas 
of high wear (e.g. bone ends, joints, and in- 
tervertebral discs) and in the nose and pin- 
na of the ear. 


cartilage bone (replacing bone) *Bone 
that is formed by replacing the cartilage of 
an embryo skeleton. The process, called os- 
sification, is brought about by the cells (os- 
teoblasts) that secrete bone. Compare mem- 
brane bone. 


cartilaginous fishes See Elasmobranchii. 


caruncle A small outgrowth from the testa 
of a seed that develops from the placenta, 
funicle, or micropyle. Examples include the 
warty outgrowth from the castor-oil seed 
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and the tuft of hairs on the testa of the 
seed of willowherb. See also aril. 


Caryopsis A dry single-seeded indehiscent 
fruit that differs from an "achene in that 
the fruit wall is fused to the testa of the 
seed. It is the grain of cereals and grasses. 


casein One of a group of phosphate-con- 
taining proteins (phosphoproteins) found in 
milk. Caseins are easily digested by the en- 
zymes of young mammals and represent a 
major source of phosphorus. See rennin. 


Caste A division found in social insects, 
such as the *Hymenoptera (ants, bees, 
wasps) and the Isoptera (termites), in which 
the individuals are structurally and physio- 
logically specialized to perform a particular 
function. For example, in honeybees there 
are queens (fertile females), workers (sterile 
females), and drones (males). There are sev- 
eral different castes of workers (all sterile 
females) among ants. 


catabolism The metabolic breakdown of 
large molecules in living organisms to small- 
er ones, with the release of energy. Respira- 
tion is an example of a Catabolic series of 


reactions. See metabolism. Compare anabo- 
lism. 


catalysis The process of changing the rate 
of a chemical reaction by use of a “catalyst. 


catalyst A substance that increases the rate 
of a chemical reaction without itself under- 
going any permanent chemical change (see 
also inhibition). The catalyst Provides an al- 
ternative pathway by which the reaction can 
Proceed, in which the activation energy is 
lower. It thus increases the rate at which 
the reaction comes to equilibrium, although 
it does not alter the position of the equilib- 
rium. *Enzymes are the catalysts in bio- 
chemical reactions; they are highly specific 
in the type of reaction they catalyse. 


catecholamine Any of a class of amines 
(including ‘dopamine, ‘adrenaline, and 
*noradrenaline) that function as *nevro- 
transmitters and/or hormones. 


category See rank. 


catkin A type of flowering shoot (see race- 
mose inflorescence) in which the axis, which 
is often long, bears many small stalkless 
unisexual flowers. Usually the male catkins 
hang down from the stem; the female cat- 
kins are shorter and often erect. Examples 
include birch and hazel. Most plants with 
catkins are adapted for wind pollination, the 
male flowers producing large quantities of 
pollen; willows are an exception, having 
nectar-secreting flowers and being pollinated 
by insects. 


CAT scanner (computerized axial to- 
mography scanner) See tomography. 


caudal vertebrae The bones (see vertebra) 
of the tail, which articulate with the *: 
vertebrae. The number of caudal vertebrae 
varies with the species. Rabbits, for exam- 
ple, have 15 caudal vertebrae, while in man 
these vertebrae are fused to form a single 
bone, the *coccyx. 


cell The structural and functional unit of 
all living organisms: Cell size varies, but 
most cells are microscopic (average diameter 
0.01-0.1 mm). Cells may exist as indepen- 
dent units of life, as in bacteria and 
protozoans, or they may form colonies or 
tissues, as in all higher plants and animals. 
Each cell consists of a mass of protein ma- 
terial (see protoplasm) that is differentiated 
into a jelly-like substance (see cytoplasm) 
and a *nucleus, which contains DNA. The 
protoplasm is bounded by a ‘cell mem- 
brane, which in plant and bacterial cells is 
surrounded by a *cell wall. There are two 
main types of cell. Prokaryotic cells (bacteria 
and blue-green algae) are the more primi- 
tive. The nuclear material is not bounded 


CELL WALL 


Golgi apparatus 


smooth 
endoplasmic 
reticulum 


endoplasmic 
reticulum 


cell vacuole 


cytoplasm 
nuclear 
membrane 


lysosome 
nucleus: mitochondrion 
centrioles 
starch 
glycoger 
iengen centrosome granules 


fat 


droplets Golgi apparatus 


endoplasmic 
reticulum. 


ribosome 
Animal Plant 
Generalized eukaryotic cells 

by a membrane and chemicals involved in us; *meiosis results in daughter nuclei each 
cell metabolism are associated with the cell with half the number of chromosomes in 
membrane. Reproduction is asexual and in- the mother cell nucleus. 
volves simple cell cleavage. In eukaryotic 
cells the nucleus is bounded by a nuclear cell membrane (plasmalemma; plasma 
membrane and the cytoplasm is divided by membrane) The semipermeable *membrane 
membranes into a system of interconnected forming the outer limit of a *cell. It consists 
Cavities and separate compartments (organ- mostly of protein and lipid. The membrane 
elles), eg. *mitochondria, *endoplasmic re- regulates the flow of materials in and out of 
ticulum, *Golgi apparatus, *lysosomes, and the cell and plays a role in the production 
“ribosomes. Reproduction can be either or assembly of the *cell wall or *capsule 
asexual (see mitosis) or sexual (see meiosis). (when this is present). 
Plants and animals consist of eukaryotic 
cells but plant cells possess *chloroplasts cellulose A polysaccharide that consists of 
and other “plastids and bear a rigid cellu- — a long unbranched chain of glucose units. It 
lose cell wall. is the main constituent of the cell walls of 

all higher plants, many algae, and some fun- 
cell body (perikaryon) The part of a — gi and is responsible for providing the rigid- 
*neurone that contains the nucleus. The cell — ity of the cell wall. The fibrous nature of 
Processes that are involved in the transmis- extracted cellulose has led to its use in the 
sion and reception of nervous impulses: (the textile industry for the production of cotton, 
axon and the dendrites respectively) develop artificial silk, etc. 
as extensions from the cell body. 

cell wall A rigid outer layer that surrounds 
cell division The formation of two daugh- the cell membrane of plant and bacterial 
ter cells from a single mother cell. The nu- (but not animal) cells. It protects and/or 
cleus divides first and this is followed by ` gives shape to a cell, and in herbaceous 
the formation of a cell membrane between plants provides mechanical support for the 
the daughter nuclei. In ‘mitosis the daugh- plant body. Most plant cell walls are com- 
ter nuclei are identical to the original nucle- posed of the polysaccharide ‘cellulose and 
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CELSIUS SCALE 


may be strengthened by the addition of 
“lignin. The cell walls of fungi consist main- 
ly of “chitin. Bacterial cell walls consist of 
complex polymers of Polysaccharides and 
amino acids, 


Celsius scale A temperature scale in which 
the fixed points are the temperatures at 
standard pressure of ice in equilibrium with 
water (0*C) and water in equilibrium with 
Steam (100°C). The scale, between these two 
temperatures, is divided in 100 degrees. The 
degree Celsius (°C) is equal in magnitude to 
the *kelvin. This scale was formerly known 
as the centigrade scale; the name was offi- 
cially changed in 1948 to avoid confusion 
with a hundredth Part of a grade. It is 
named after the Swedish astronomer Anders 
Celsius (1701-44), who devised the inverted 
form of this scale (ice point 100*, steam 
point 0°) in 1742, 


cement (cementum) A thin layer of bony 
material that fixes teeth to the jaw. It coy- 
ers the dentine of the Toot of a *tooth, be- 
low the level of the gum, and is attached to 
the “periodontal membrane lining the tooth 
Socket in the jawbone. 


Cenozoic (Cainozoic; Kainozoic) The ge- 
Ological era that began about 65 million 
years ago and extends to the present. It fol- 
lowed the *Mesozoic era and is subdivided 
into the *Tertiary and “Quaternary periods, 
The Cenozcic is often known as the Age of 


abundant, diverse, 
Birds and flowering plants also flourished, 
The era saw the formation of the major 
mountain ranges of the Himalayas and the 
Alps. 


centi- Symbol c. A Prefix used in the met- 
Tic system to denote one hundredth. For ex- 
ample, 0.01 metre = | centimetre (cm). 


centigrade scale See Celsius scale, 


centipedes See Myriapoda. 


Central Dogma The basic belief originally 
held by molecular geneticists, that flow of 
genetic information can only occur from 
"DNA to *RNA to proteins. It is noS 
known, however, that information contained 
within RNA molecules of viruses can also 
flow back to DNA, See also genetic code. 


central nervous system (CNS) The part 
of the nervous system that coordinates all 
neural functions, In invertebrates it may 
comprise simply a few *nerve cords and p 
Sociated “ganglia. In vertebrates it consists 
of the *brain and the “spinal cord. The Mon 
tebrate CNS contains *reflex arcs, which 
Produce automatic and rapid responses tO 
Particular stimuli. 


centre (in neurology) A part of the nervous 
system, consisting of a group of nerve cells, 
that coordinates a particular Process. An €x- 
ample is the respiratory centre in the verte; 
brate brainstem, which controls breathing 
Movements. The stimulation of a centre will 
initiate the process, while destruction of the 
centre will prevent or impair it. 


centrifuge A device in which solid or liq- 
uid particles of different densities are sepa- 
rated by rotating them in a tube in a hori- 
zontal circle. The denser particles tend to 
move along the length of the tube to a 
greater radius of rotation, displacing the 
lighter particles to the other end, 


centriole A cylindrical structure in a cell 
that -has a role in cell division, Centrioles 
are not normally found in plant cells bur 
are commonly present in pairs in animal 
cells, During cell division they move to op- 
posite sides of the nucleus to form the ends 
of the *spindle. The spindle fibres develop 
from them. 
centromere (kii 


spindle attach- 
ment) The part that 


of Aon eA 


contains no genes. It usually appears 

constriction when anana ae 

sang cell division (see meiosis; mitosis). 

The position of the centromere is a distin- 

pikig feature of individual chromosomes 

Em pisa them to the *spindle fibres. 
o kinetochore. 


centrum See vertebra. 


cephalization The tendency among animal 
ate for the major sense organs, mouth, 
[n brain to be grouped together at the 

j n end of the body. These are 
suall contained in pecialized halii 
region — the head. e c 


Ceplalopoda The most advanced class of 
= uscs, containing the squids, cuttlefishes, 
COS and the extinct ‘ammonites. 
er Laonots have a highly concentrated 

ral nervous system within a protective 
cartilaginous case. The eye has a well-devel- 
Rn retina and is comparable to that of 
ertebrates. All cephalopods are predacious 
carnivores capable: of swimming by jet pro- 
poson; they have highly mobile tentacles 
lor catching and holding prey- 


S anothorax The fused head and thorax 
, Crustaceans and arachnids (spiders, scor- 
Pions), which is connected to the abdomen. 


te em The part of the vertebrate 
concerned with the coordination and 
regulation of muscle activity and the main- 
tenance of muscle tone and balance. In 
mammals it consists of two connected hemi- 
Qe Gn deti E 
a a much-folded outer layer of grey mat- 
ob and is situated above the medulla 

longata and partly beneath the cerebrum. 


Ser ebral cortex (pallium) The layer of 
P matter that forms the outer layer of 

emispheres of the *cerebrum in many 
Vertebrates. It is most highly developed in 
mammals. The cortex is responsible for the 
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control and integration of voluntary move- 
ment and the senses of vision, hearing, 
touch, etc; it also contains centres con- 
cerned with memory, language, thought, and 
intellect. 


cerebral hemisphere Either of the two 
halves of the vertebrate *cerebrum. 


fluid (CSF) The fluid, simi- 
lar in composition to *lymph, that bathes 
the central nervous system of vertebrates. It 
is secreted by the *choroid plexus into the 
*yentricles of the brain, filing these and 
other cavities in the brain and spinal cord, 
and is reabsorbed by veins on the brain sur- 
face. lts function is to protect the central 
nervous system from mechanical injury. 


cerebrospinal 


cerebrum The largest part of the vertebrate 
brain. It consists of two cerebral hemi- 
spheres, which develop from the embryonic 
*forebrain. The hemispheres have an outer 
convoluted layer of grey matter — the *cere- 
bral cortex — which contains an estimated 
ten billion nerve cells. Underneath this is 
white matter. The two halves of the cere- 
brum are linked by several neural structures. 
The function of the cerebrum is to integrate 
complex sensory and neural functions. The 
cerebrum is thought to play a critical role in 
the process of learning, which involves both 
short-term and long-term memory. 


cervical vertebrae The ‘vertebrae of the 
neck. The number of cervical vertebrae var- 
ies: for example, rabbits have 7 and humans 
have 12. Their main functions are to sup- 
port the head and to provide articulating 
surfaces against which it can move relative 
to the backbone. See atlas; axis. 


Cestodi A class of flatworms (see 
Platyhelminthes) comprising the tapeworms 
— fibbon-like parasites within the gut of 
vertebrates. Tapeworms are surrounded by 
partially digested food in the host gut so 
they are able to absorb nutrients through 


CETACEA 


their whole body surface. The body consists 
of a head (scolex), bearing suckers and 
hooks for attachment, and a series of seg- 
ments (proglottides), containing male and fe- 
male reproductive systems. The life cycle of. 
a tapeworm requires two hosts, the primary 
host usually being a predator of the second- 
ary host. Taenia soleum has man for its pri- 
mary host and the pig as its secondary host. 
Mature segments, containing thousands of 
fertilized eggs, leave the Primary host with 
its faeces and develop into embryos and 
then larvae that continue the life cycle in 
the gut of a secondary host. 


Cetacea An order of marine mammals 
comprising the whales, which includes what 
is probably the largest known animal — the 
blue whale (Balaenoptera musculus), over 
30m long and over 150 tonnes in weight. 
The forelimbs of whales are modified as 
short stabilizing flippers and the skin is very 
thin and almost hairless. A thick layer of 
blubber insulates the body against heat loss 
and is an important food Store. Whales 
breathe through a dorsal blowhole, which is 
closed when the animal is submerged. The 
toothed whales (suborder Odontoceti), such 
as the dolphins and killer whale, are carniv- 
orous; whalebone whales (suborder Mystice- 
ti), such as the blue whale, feed on plankton 
filtered by *whalebone plates. 


cg.s. units A system of *units based on 
the centimetre, gram, and second. Derived 
from the metric system, it was badly adapt- 
ed to use with thermal quantities (based on 
the inconsistently defined *calorie) and with 
electrical quantities (in which two Systems, 
based respectively on unit permittivity and 
unit permeability of free space, were used). 
For scientific purposes c.g.s. units have now 
been replaced by *SI units. 


chaeta A bristle, made of *chitin, occurring, 
in annelid worms. In the earthworm they 
occur in small groups projecting from the 
skin in each segment and function in loco- 


motion. The chaetae of polychaete worms 
(e.g. ragworm) are borne in larger groups on 
paddle-like appendages (parapodia). 


chalaza 1. A twisted strand of fibrous al- 
bumen in a bird’s egg that is attached to 
the membrane at either end of the yolk and 
thus holds the yolk in position in the albu- 
men."2. The part of a plant *ovule where 
the nucellus and integuments merge. 


chalk A very fine-grained white rock E 
Posed of the fossilized skeletal remains 
marine plankton known as coccoliths and 
consisting largely of calcium carbonate 
(CaCO). It is the characteristic rock of the 
"Cretaceous period. It should not be con- 
fused with blackboard ‘chalk’, which is 
made from calcium sulphate. 


character A distinctive inherited feature of 
an organism. Organisms in a population 
may display different aspects of a particular 
Character, eg. the A, B, and O human 
blood groups (see ABO system) are different 
aspects of the blood group character. 


chemical dating An absolute *dating tech- 
nique that depends on measuring the chemi- 
Cal composition of.a specimen. Chemical 
dating can be used when the specimen i$ 
known to undergo slow chemical change at 
2 known rate. For instance, phosphate in 


chemical fossil Any of various organic 
compounds found in ancient geological stra- 
ta that appear to be biological in origin and 


ck CES to indicate that life existed 
en the rocks were formed. The presence 
b chemical fossils in Precambrian strata in- 
icates that life existed over 3000 million 
years ago. 


iemurcceptor A “receptor that detects 
Ed bees of particular chemicals and (n 
= ticellular organisms) transmits this infor- 
fee Coan i ry nerves. Examples include 
e buds and the recep! i 
Sarat body: e tors in the 


chemosystematics See systematics. 
chemotaxis See taxis. 


Paneta xonomy, The ‘classification of 
tie and microorganisms based on similar- 
= and differences in their natural prod- 
" Vend the biochemical pathways involved 
cir manufacture. See also taxonomy. 


eronli The growth or movement of 
alsi or plant part in response to a chem- 

j mulus. An example is the growth of a 
Pollen tube down the style during fertiliza- 


tion in response ? 
to the present 
the style, e p ce of sugars in 


ipsnm The point at which paired *ho- 
they Cs remain in contact as 
bkin to separate during the first pro- 
number So) forming a cross shape. A 
fied of chiasmata can usually be identi- 
ux and at these points *crossing over Oc 


nanos An organism composed of tissues 
devel genetically different. Chimaeras can 
DIR if a "mutation occurs in a cell of a 
poer C ur MA cells arising 
PRU have the mutation and therefore 
um tissue that is genetically different 
du rad tissue, eg. brown patches in 
brids blue eyes in humans. *Graft hy- 
are examples of plant chimaeras. 
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An order of flying mammals 
comprising the bats. Their membranous 
wings are supported by very elongated forc- 
limbs and digits and stretch along the sides 
of the body to the hindlimbs and tail. 
Whenever bats rest they allow their body 
temperature to fall, hibernating in winter 
when food is scarce. Most bats are noctur- 
nal; their ears are enlarged and specialized 
for *echolocation, which they use to hunt 
prey and avoid obstacles. Bats feed various- 
ly on insects, fruit, nectar, or blood. 


chlorophyll The pigment responsible for 
the green colour of most plants. The chloro- 
phyll molecule is the principal site of light 
absorption in the light reactions of *photo- 
synthesis. It is a magnesium-containing 
*porphyrin, chemically related to *cyto- 
chrome and *haemoglobin. 


Chlorophyta (green algae) A large divi- 
sion of *algac, the members of which pos- 
sess chlorophylls a and b, store food 
reserves as starch, and have cellulose cell 
walls. In these respects they resemble higher 
plants more closely than do any of the 
other algal divisions. The Chlorophyta are 
widely distributed and diverse in form. Uni- 
cellular forms may occur singly (sometimes 
with ‘flagella for motility) or in colonies, 
while multicellular forms may be filamen- 
tous (e.g. Spirogyra) or platelike (e.g. Ulva). 


chloroplast Any of the chlorophyll-contain- 
ing organelles (see plastid) that are found in 
large numbers in those plant cells undergo- 
ing *photosynthesis. Chloroplasts are typi- 
cally lens-shaped and made up of stacks of 
membranes (see granum) enclosed in a gel- 
like matrix. The light reactions of photosyn- 
thesis occur on the membranes while the 
dark reactions take place in the matrix. 


chlorosis The abnormal condition in plant 
stems and leaves in which synthesis of the 
green pigment chlorophyll is inhibited, re- 
sulting in a pale yellow coloration. This 
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CHOANAE 


may be caused by lack of light, mineral de- 
ficiency, infection (particularly by viruses), 
or genetic factors. 


choanae (internal nares) See nares. 
cholecalciferol See vitamin D. 


cholecystokinin (pancreozymin) A hor- 
mone, produced by the duodenal region of 
the small intestine, that induces the gall 
bladder to contract and eject bile into the 
intestine and stimulates the pancreas to se- 
crete its digestive enzymes. Cholecystokinin 
output is stimulated by contact with the 
contents of the stomach. 


cholesterol A *sterol occurring widely in 
animal tissues and also in some higher 
plants and algae. It can exist as a free sterol 
or esterified with a long-chain fatty acid. 
Cholesterol is absorbed through the intestine 
or manufactured in the liver. It serves prin- 
cipally as a constituent of blood plasma li- 
Poproteins and of the lipid-protein com- 
plexes that form cell membranes. It is also 
important as a precursor of various steroids, 
especially the bile acids, sex hormones, and 
adrenocorticoid hormones. The derivative 7- 
dehydrocholesterol is converted to vitamin 
D, by the action of sunlight on skin. In- 
creased levels of dietary and blood choles- 
terol have been associated with atherosclero- 
sis, a condition in which lipids accumulate 
on the inner walls of arteries and eventually 
obstruct blood flow. 


choline An amino alcohol, CH, OHCH,N 
(CH); OH. It occurs widely in living organ- 
isms as a constituent of certain types of 
Phospholipids — the *lecithins and sphingo- 
myelins. It is sometimes classified as a 
member of the *vitamin B complex, 


cholinergic Describing a nerve fibre that 
either releases *acetylcholine when stimulat- 
ed or is itself stimulated by acetylcholine. 
Compare adrenergic, 


Chondrichthyes See Elasmobranchii. 


Chordata A phylum of animals character- 
ized by a hollow dorsal nerve cord and, at 
some stage in their development, a flexible 
skeletal rod (the *notochord) and *gill slits 
opening from the pharynx. There are four 
subphyla, the largest of which is the 
*Vertebrata, in which the notochord is only 
Present in the embryo or larva and becomes 
replaced by the backbone before birth or 
metamorphosis. The other three subphyla 
are often grouped together as the 
Protochordata. They are relatively primitive 
chordates including the lancelet (Amphioxus) 
and the sea squirts. 


chorion 1. A membrane enclosing the em- 
bryo yolk sac'and allantois of reptiles, 
birds, and mammals. See extraembryonic 
membranes. 2. The protective shell of an in- 
Sect egg, produced by the ovary. It i5 
pierced by a small pore (micropyle) that al- 
lows the entry of spermatozoa for fertiliza- 
tion. See also egg membrane. 


choroid A pigmented layer, rich in blood 
vessels, that lies between the retina and the 
sclerotic of the vertebrate eye. At the front 
of the eye the choroid is modified to form 
the *ciliary body ahd the *iris. 


choroid plexus A membrane rich in blood 
vessels that lines the *ventricles of the 
brain. It is an extension of the *pia mater 
and secretes *cerebrospinal fluid into the 
ventricles; it also controls exchange of mate 
rials between the blood and cerebrospinal 
fluid. 


chromatid A threadlike strand formed from 
a “chromosome during the carly stages of 
cell division. Each chromosome divides 
along its length into two chromatids, which 
are at first held together at the centromere. 
They separate completely at a later stage: 
The DNA of the chromosome reproduces it- 
self exactly so that each chromatid has the 


complete amount of DNA and becomes a 
daughter chromosome with exactly the same 
genes as the original chromosome from 
which it was formed. 


chromatin The substance of which *chro- 
mosomes are composed. It consists of pro- 
teins (principally histones), DNA, and small 
amounts of RNA. In a metabolically inac- 
tive nucleus, chromatin is mainly in a con- 
densed form, heterochromatin, but in an ac- 
tive nucleus most of the chromatin is in an 
expanded form, cuchromatin. Messenger 
RNA molecules are formed in euchromatic 
regions. 


chromatogram A record obtained by chro- 
matography. The term is applied to the de- 
veloped records of *paper chromatography 
and *thin-layer chromatography and also to 
the graphical record produced in *gas chro- 
matography. 


Chromatography A technique for analysing 
or separating mixtures of gases, liquids, or 
dissolved substances, such as mixtures of 
amino acids or chlorophyll pigments. The 
original technique (invented by the Russian 
botanist Mikhail Tsvet in 1906) is a good 
example of column chromatography. A verti- 
cal glass tube is packed with an adsorbing 
material, such as alumina. The sample is 
poured into the column and continuously 
washed through with a solvent (a process 
known as elution). Different components of 
the sample are adsorbed to different extents 
and move down the column at different 
rates. In. Tsvet's original application, plant 
Pigments were used and these separated into 
coloured bands in passing down the-column 
(hence the name chromatography). The usu- 
al method is to collect the liquid (the eluate) 
as it passes out from the column in frac- 
tions. 

, In general, all types of chromatography 
involve two distinct phases — the stationary 
phase (the adsorbent material in the column 
in the example above) and tbe moving phase 
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(the solution in the example). The separa- 
tion depends on competition for molecules 
of sample between the moving phase and 
the stationary phase. The form of column 
chromatography above is an example of ad- 
sorption chromatography, in which the sam- 
ple molecules are adsorbed on the alumina. 
In partition chromatography, a liquid (e.g. 
water) is first absorbed by the stationary 
phase and the moving phase is an immisci- 
ble liquid. The separation is then by parti- 
tion between the two liquids. In ion-ex- 
change chromatography the process involves 
competition between different ions for ionic 
sites on the stationary phase. *Gel filtration 
is another chromatographic technique in 
which the size of the sample molecules is 
important. 

See also gas-liquid chromatography; pa- 
per chromatography; thin-layer chromatog- 
raphy. 


chromatophore 1. A pigment-containing 
cell found in the skin of many lower 
vertebrates (e.g. chameleon) and in the in- 
tegument of crustaceans. Concentration or 
dispersion of the pigment granules in the 
cytoplasm of the cell causes the colour of 
the animal to alter. to match its surround- 
ings. A common type of chromatophore is 
the melanophore, which contains the pigment 
“melanin. 2. See chromoplast. 


chromoplast (chromatophore) Any of 
various organelles in plant cells that contain 
pigments. Red, orange, and yellow chromo- 
plasts contain carotenoid pigments, while 
green chromoplasts (called chloroplasts) 
contain the pigment chlorophyll and provide 
the green coloration of most plants. Com- 
pare leucoplast. See plastid. 


chromosome A threadlike structure several 
to many of which are found in the nucleus 
of plant and animal cells. Chromosomes are 
composed of chromatin and carry the 
*genes, which determine the individual char- 
acteristics of an organism. When the nucleus 
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is not dividing, individual chromosomes 
cannot be identified with a light microscope. 
During the first stage of nuclear division, 
however, the chromosomes contract and, 
when stained, can be clearly seen under a 
microscope. Each consists of two *chroma- 
tids held together at the *centromere (see 
also meiosis; mitosis). The number of chro- 
mosomes in each cell is constant for and 
characteristic of the species concemed. In 
the normal body cells of “diploid organisms 
the chromosomes occur in Pairs (see homol- 
ogous chromosomes); in the gamete-forming 
germ cells, however, the diploid number is 
halved and cach cell contains only one 
member of each chromosome pair. Thus in 
man each body cell contains 46 chromo- 
somes (22 matched pairs and one pair of 
“sex chromosomes) and each germ cell 23. 
Abnormalities in the number or Structure of 
chromosomes may give rise to abnormalities 
in the individual; *Down's syndrome is the 
result of one such abnormality. 


chromosome map (linkage map) A plan 
Showing the relative Positions of *genes 
along the length of the Chromosomes of an 
organism. It is constructed by making 
crosses and observing whether certain char- 
acteristics tend to be inherited together. The 
Closer together two allele pairs are situated 
on *homologous chromosomes, the less of- 
ten will they be separated and rearranged as 
the reproductive cells are formed (see chias- 
ma; crossing over). The Proportion of off- 
spring that show *recombination of the al- 
leles concerned thus reflects their spacing 
and is used as a unit of length in mapping 
chromosomes. 


chrysalis See pupa. 


chyle A milky fluid consisting of *lymph 
that contains absorbed food materials (espe- 
cially emulsified fats). Most chyle occurs in 
the lymphatic ducts (*lacteals) in the *villi 
of the small intestine during the absorption 
of fat. 


chyme The semisolid and partly digested 
food that is discharged from the stomach 
into the duodenum. 


ciliary body The circular band of tissue 
surrounding and supporting the *lens of the 
vertebrate eye. It contains the ciliary mus- 
cles, which bring about changes in the shape 
of the lens (see also accommodation). The 
ciliary body produces the “aqueous humour. 


ciliary feeding A method of feeding used 
by Amphioxus and many aquatic in- 
vertebrates. The movement of cilia causes a 
Current of water to be drawn towards and 
through the animal, and microorganisms in 
the water are filtered out by the cilia. 


cilium A short minute hairlike structure (up 
to 10 um long) present on the surface of 
many animal and a few plant cells, notably 
in certain protozoans and some types of 
vertebrate epithelium. Cilia usually occur in 
large groups. Beating of cilia can produce 
cell movement or create a current in fluid 
Surrounding a cell. Compare flagellum. 


circadian rhythm (diurnal rhythm) Any 
24-hour Periodicity in the behaviour or 
Physiology of animals or plants, Examples 
are the sleep/activity cycle in many animals 
and the growth movements of plants. Cir- 
cadian rhythms are generally controlled by 
"biological clocks, 


Circulatory system The heart, blood ves- 
sels, blood, lymphatic vessels, and lymph, 
which together serve to transport materials 
throughout the body. See also vascular sys- 
tem. 


citric acid A white crystalline hydroxy car- 
boxylic acid, HOOCCH; C(OH(COOH) 
CH;COOH. It is present in citrus fruits and 
is an intermediate in the *Krebs cycle in 
Plant and animal cells, 


citric-acid cycle See Krebs cycle. 


clade A group of organisms that share a 
common ancestor. See cladistics. 


cladistics A controversial method of classi- 
fication in which animals and plants are 


A cladogram showing the relationships of 
Six species (A-F) 

placed into taxonomic groups called clades 
when they share characteristics (known as 
homologies) that are thought to indicate 
common ancestry. It is based on the as- 
sumption that two new species are formed 
suddenly, by splitting from a common an- 
cestor, and not by gradual evolutionary 
change. A diagram indicating these relation- 
ships (called a cladogram) therefore consists 
of a system of; dichotomous branches: each 
Point of branching represents divergence 
from a common ancestor, as shown in the 
diagram. Thus the species A to F form a 
clade as they share the common ancestor X, 
and species A to D form a clade of a dif- 
ferent taxonomic rank, sharing the ancestor 
Xz. Species C to F do not form a clade, 
since the latter must include all the descen- 
dants of a common ancestor. 

Cladistics has been used as evidence by 
the opponents of neo-Darwinism in the de- 
bate on the nature of evolution. Cladists ar- 
gue that the major branching patterns of 
Cladograms correspond to large-scale evolu- 
tionary events that cannot be explained by 
orthodox neo-Darwinism, which postulates à 
Series of small changes occurring over a 
long period of time. 
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cladode A flattened stem or internode that 
resembles and functions as a leaf. It is an 
adaptation to reduce water loss, since it 
contains fewer *stomata than a leaf. An ex- 
ample of a plant with cladodes is asparagus. 


cladogram See cladistics. 


class A category used in the *classification 
of organisms that consists of similar or 
closely related orders. Similar classes are 
grouped into a phylum in the case of ani- 
mals and a division in the, case, of plants. 
Examples include, among. animals, Mamma- 
lia (mammals) Aves (birds), and Agnatha 
(jawless fish). 


classification The arrangement of organ- 
isms into a series of groups based on physi- 
ological, biochemical, anatomical, or other 
relationships. An artificial classification is 
based on one or a few characters simply for 
ease of identification or for a specific pur- 
pose; for example, birds are often arranged 
according to habit and habitat (seabirds, 
songbirds, birds of prey, etc.) while fungi 
may be classified as edible or poisonous. 
Such systems do not reflect evolutionary re- 
lationships. A natural classification is based 
on resemblances and is a hierarchical ar- 
rangement. The smallest group commonly 
used is the *species. In plant classification, 
species are grouped into genera (see genus), 
the hierarchy continuing up through *tribes, 
efamilies, *orders, *classes, and “divisions 
to "kingdom. Animal classification. follows 
the same system except that the *phylum 
replaces the division. Higher up in the hier- 
archy the similarities between members of a 
group become fewer. Present-day natural 
classifications try to take into account as 
many features as possible and in so doing 
aim to reflect evolutionary relationships (see 
cladistics). Natural classifications are also 
predictive. Thus if an organism is placed in 
a particular genus because it shows certain 
features characteristic of the genus, then it 
can be assumed it is very likely to possess 


CLAVICLE 


most (if not all) of the other features of that 
genus. See also binomial nomenclature; tax- 
onomy. 


clavicle A bone that forms part of the 
*pectoral (shoulder) Birdle, linking the 
“scapula (shoulder blade) to the sternum 
(breastbone). In man it forms the collar 
bone and serves as a brace for the shoul- 
ders. 


cleavage (in embryology) The series of cell 
divisions by which a single fertilized gg cell 
is transformed into a multicellular body, the 
*blastula. Characteristically nO growth oc- 
curs during cleavage, the Shape of the em- 
bryo is unchanged except for the formation 
of a central cavity (the blastocoel), and the 
ratio of nuclear material (DNA) to cyto- 
plasm increases, 


climax community A relatively stable eco- 
logical "community that is achieved at the 
end of a "succession. 


clinostat A mechanical device that rotates 
whole plants (usually seedlings), so remov- 
ing the effect of. any stimulus that normally 
acts in one particular direction. It is most 


) 
that is the equivalent of the male penis. It 
lies in front of the *urethra and *vagina, 


cloaca The cavity in the Pelvic region into 
which the terminal parts of the alimentary 
canal and the urinogenital ducts open in 
Most vertebrates. Placental mammals, how- 
ever, have a separate anus and urinogenital 
opening. 


clone A group of organisms or cells that 
have arisen from a single individual by 
asexual reproduction and are therefore all 
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genetically identical, eg. a group of plants 
Propagated by bulbs or cuttings. 


clotting factors Substances that cause a 
blood clot to form at the site of an injury. 
Calcium ions and "platelets trigger the re- 
lease of the enzyme thromboplastin from in- 
jured tissues. This converts prothrombin in 
the blood to its enzymically active form 
thrombin. Thrombin catalyses the formation 
of insoluble *fibrin from soluble fibrinogen; 
the fibrin forms a fibrous network in which 
blood cells become enmeshed, producing a 
clot. See also blood clotting. 


clubmoss See Lycopsida. 
cnidoblast See thread cell. 

CNS See central nervous system, 
CoA See coenzyme A. 


coagulation The process in which colloidal 
Particles come together to form larger mass- 
es. Coagulation can be brought about by 
adding ions to neutralize the charges stabi- 
lizing the colloid. Ions with a high charge 
are particularly effective (e.g. alum, contain- 
ing AI^*, is used in Styptics to coagulate 
blood). Heating is another way of coagulat- 
ing certain colloids (e.g. boiling an egg co- 
agulates the albumin) See a/so blood clot- 
ting. 


coal A brown or black carbonaceous depos- 
it derived from the accumulation and altera- 
tion of ancient vegetation, which originated 
largely in Swamps or other moist environ- 
ments. Most deposits of coal were formed 
during the Carboniferous and Permian pen- 
ods; more recent periods of coal formation 
Occurred during the early Jurassic and Terti- 
Ay Periods. As the vegetation decomposed 
it formed layers of Peat, which were subse- 
quently buried (for example, by marine sedi- 
ments following a rise in sea level or subsi- 
dence of the land). Under the increased 


Pressure and resulting higher temperatures 
the peat was transformed into coal. Two 
types of coal are recognized: humic (or 
woody) coals, derived from plant remains; 
and sapropelic coals, which are derived from 
algae, spores, and finely divided plant mate- 

As the processes of coalification (i.e. the 
transformation resulting from the high tem- 
peratures and pressures) continue, there is a 
Progressive transformation of the deposit: 
the Proportion of carbon relative to oxygen 
rises and volatiles and water are driven oul. 
The various stages in this process are re- 
ferred to as the ranks of the coal. In as- 
cending order, the main ranks of coal are: 
lignite (or brown coal), which is soft, brown, 
and has a high moisture content; subbitumi- 
nous coal, which is used chiefly by generat- 
ing stations; bituminous coal, which is the 
most abundant rank of coal; semübituminous 
coal; semianthracite coal, which has a fixed 
carbon content of between 86% and 92%; 
and anthracite coal, which is hard and black 
with a fixed carbon content of between 92% 
and 98%, 


coccus Any spherical bacterium. Cocci may 
occur singly (monococcus), in pairs (diplococ- 
cus), in groups of four or more, in cubical 
Packets (sarcina), in grapelike clusters 
(staphylococcus), or in chains (streptococcus). 
Diplococci, staphylococci, and streptococci 
include pathogenic species, causing pneumo- 
nia, suppurative infections, and scarlet fever, 
respectively. They are generally nonmotile 
and do not form spores. 


Coccyx The last bone in the *vertebral col- 
umn in apes and man (i.c. tailless primates). 
It is formed by the fusion of 3-5 *caudal 
vertebrae. 


cochlea Part of the *inner ear of mammals, 
birds, and some reptiles that transforms 
Sound waves into nerve impulses. In mam- 
mals it is coiled, resembling a snail shell. 
The cochlea is lined with sensitive cells that 
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bear tiny hairs; it is filled with fluid (endo- 
lymph) and surrounded by fluid (perilymph). 
Sound-induced vibrations of the *fenestra 
ovalis are transmitted through the perilymph 
and endolymph and stimulate the cells that 
line the cochlea. These in turn stimulate 
nerve cells that transmit information, via the 
*auditory nerve, to the brain for interpreta- 
tion of the sounds. 


cockroaches See Dictyoptera. 


cocoon A protective covering for eggs and/ 
or larvae produced by many invertebrates. 
For example, the larvae of many insects 
spin a cocoon in which the pupac develop 
(that of the silkworm moth produces, silk), 
and earthworms secrete a cocoon for the de- 
veloping eggs. 


co-dominance The condition that arises 
when both alleles in a *heterozygous organ- 
ism are dominant and are fully expressed. 
For example, the human blood group AB is 
the result of two alleles, A and B, both be- 
ing expressed. A is not dominant to B, nor 
vice versa. Compare incomplete dominance. 


codon A triplet of nitrogen-containing ba- 
ses within a molecule of *DNA or messen- 
ger *RNA that codes for a particular amino 
acid during the synthesis of proteins in a 
cell (see translation). See also genetic code. 


coelacanth A bony fish, Latimeria 
chalumnae, that was believed to have been 
extinct until 1938, when the first specimen 
of modern times was discovered. The coela- 
canth belongs to the same order (Crosso- 
pterygii — lobe-finned fishes) as the ances- 
tors of the amphibians. It lives at a depth 
of 200-300m in the Indian Ocean. The 
coelacanth is a large fish, 1-2m long and 
weighing 80kg or more, with a three-lobed 
tail fin. The body is covered in rough heavy 
scales and the pectoral fins can be used like 
crutches to help movement across the sca 
bed. The young are born alive. Fossil coela- 


COELENTERATA 


canths are most abundant in deposits about 
400 million years old and no fossils less 
than 70 million years old have been found. 


Coelenterata A phylum of aquatic in- 
vertebrates that includes Hydra, jellyfish, sea 
anemones, and “corals. A coelenterate’s 
body is *diploblastic, with two cell layers of 
the body wall separated by “mesoglea, and 
shows ‘radial symmetry. The body cavity 
(coelenteron) is sac-shaped, with one opening 
acting as both mouth and anus. This open- 
ing, is, surrounded by tentacles bearing 
"thread cells. Coelenterates exist both as 
free-swimming *medusae (c.g. jellyfish) and 
as sedentary *polyps. The latter may be co- 
lonial (e.g. corals) or solitary (e.g. sea anem- 
ones and Hydra). In many coelenterates the 
life cycle alternates between these two forms 
(see altemation of generations), 


coelom A fluid-filled cavity that forms the 
main *body cavity of vertebrate and most 
invertebrate animals. It is formed by the 
splitting of the *mesoderm. Ciliated ducts 
(coelomoducts) connect the coelom to the ex- 
terior allowing the exit of waste products 
and gametes; in higher animals these are 
specialized as oviducts, etc. The coelom is 
large and often subdivided in annelid worms 
(in which it functions as a hydrostatic skele- 
ton) and vertebrates. In arthropods it is re- 
stricted to the cavities of the Bonads and 
excretory organs, the body cavity being a 
blood-filled haemocoel. 


coelomoduct See coelom. 


coenocyte A mass of Protoplasm contain- 
ing many nuclei and enclosed by a cell wall. 
It is found in certain algae and fungi. Com- 
pare cell; plasmodium; syncytium. 


coenzyme An organic nonprotein molecule 
that associates with an enzyme molecule in 
catalysing biochemical reactions. Coenzymes 
usually participate in the substrate- enzyme 
interaction by donating or accepting certain 
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chemical groups, Many vitamins are 
sors of coe: 


precur: 
ymes. See also cofactor. 


coenzyme A (CoA) A complex organic 
compound that acts in conjunction with en- 
zymes involved in various biochemical reao 
tions, notably the oxidation of pyruvate via 


"the *Krebs cycle and fatty-acid oxidation 


and synthesis. It comprises principally the B 
vitamin “pantothenic acid, the nucleotide 
*adenine, and a ribose- phosphate group. 


coenzyme Q (ubiquinone) Any of. a 
Broup of related quinone-derived compounds 
that serve as electron carriers in the *elec- 
tron transport chain reactions of cellular 
respiration. Coenzyme Q molecules have 
side chains of different lengths in different 
types of organisms but function in similar 
ways. 


cofactor A nonprotein component essential 
for the normal catalytic activity of an en- 
zyme. Cofactors may be organic molecules 
(coenzymes) or inorganic ions. They may 
activate the enzyme by altering its shape or 
they may actually participate in the chemi- 
cal reaction. 


colchicine An ‘alkaloid derived from the 
autumn crocus, Colchicum autumnale. It in- 
hibits *spindle formation in cells s0 
preventing their division and inducing multi- 
ple sets of chromosomes (*polyploidy). Col- 
chicine is used in genetics, cytology, and 
Plant breeding research and also in cancer 
therapy to inhibit cell division. 


cold-bloodedness See poikilothermy. 


Coleoptera An order of insects comprising 
the beetles and weevils and containing 
about 330000 known species — the largest 
order in the animal kingdom. The forewings 
are hardened and thickened to form elytra, 
which meet at a precise mid-dorsal line and 
Protect the underlying pair of hindwings 
and abdomen. The mouthparts are generally 


modified for biting and in some species as- 
sume antler-like proportions. Beetles occur 
infa wide variety of terrestrial and aquatic 
habitats; many feed on decaying organic 
matter, some eat living vegetation, while 
others prey on other arthropods. A number 
of beetles and weevils are economically im- 
portant pests of stored grain, timber, and 
crops. The young emerge as larvae and gen- 
erally undergo metamorphosis via a pupal 
Stage to form the adult beetle. 


coleoptile A protective sheath that covers 
the young shoot of the embryo in plants of 
the grass family. It bursts open when the 
first leaves develop. Experiments investigat- 
ing growth movements of the oat coleoptile 
led to the discovery of the plant growth 
substance indoleacetic acid (IAA). 


coleorhiza A protective sheath that covers 
„the young root of the embryo in’ plants of 
the grass family. 


collagen An insoluble fibrous protein 
found extensively in the connective tissue of 
skin, tendons, and bone. The polypeptide 
chains of collagen (containing the amino 
acids glycine and proline predominantly) 
form triple-stranded helical coils that are 
bound together to form fibrils, which have 
great strength and limited elasticity. Colla- 
gen accounts for over 30% of the total body 
Protein of mammals. 


Collenchyma See ground tissues. 


colloids Colloids were originally defined by 
Thomas Graham in 1861 as substances, 
Such as starch or gelatin, which will not dif- 
fuse through a membrane. He distinguished 
them from crystalloids (e.g. inorganic salts), 
Which would pass through membranes. Lat- 
“er it was recognized that colloids were dis- 
Red from true solutions by the pres- 
dus of particles that were too small to be 

Served with a normal microscope yet were 
much larger than normal molecules. Colloids 
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are now regarded as systems in which there 
are two or more phases, with one (the dis- 
persed phase) distributed in the other (the 
continüous phase). Moreover, at least one of 
the phases has small dimensions (in the 
range 10-?-10-5 m). Colloids are classi- 
fied in various ways. 

Sols are dispersions of small solid parti- 
cles in a liquid. The particles may be 
macromolecules or clusters of small mole- 
cules. Lyophobic sols are those in which 
there is no affinity between the dispersed 
phase and the liquid. An example is silver 
chloride dispersed in water. In such colloids 
the solid particles have a surface charge, 
which tends to stop them coming together. 
Lyophobic sols are inherently unstable and 
in time the particles aggregate and form a 
precipitate. Lyophilic sols, on the other 
hand, are more like true solutions in which 
the solute molecules are large and have an 
affinity for the solvent. Starch in water is 
an example of such a system. Association 
colloids are systems in which the dispersed 
phase consists of clusters of molecules that 
have lyophobic and lyophilic parts. Soap in 
water is an association colloid (see micelle). 

Emulsions are colloidal systems in which 
the dispersed and continuous phases are 
both liquids, c.g. oil-in-water or water-in-oil. 
Such systems require an emulsifying agent 
to stabilize the dispersed particles. 

Gels are colloids in which both dispersed 
and continuous phases have a three-dimen- 
sional network throughout the material, so 
that it forms a jelly-like mass. Gelatin is a 
common example. One component may 
sometimes be removed (c.g. by heating) to 
leave a rigid gel (e.g. silica gel). 

Other types of colloid include aerosols 
(dispersions of liquid or solid particles in a 
gas, as in a mist or smoke) and foams (dis- 
persions of gases in liquids or solids). 


colon The section of the vertebrate *large 
intestine that lies between the *caecum and 
the *rectum. Its prime function is to absorb 
water and minerals from indigestible food 
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residues passing from the small intestine, 
which results in the formation of *faeces. 


colony 1. (in zoology) A group of animals 
of the same species living together and de- 
pendent upon cach other. Some, such as the 
corals and sponges, are physically connected 
and function as a single unit. Others, such 
as’ insect colonies, are not physically joined 
but show a high level of social organization 
with members specialized for different func- 
tions (see caste), 2. (in microbiology) A 
group of microorganisms, usually bacteria or 
yeasts, that are considered to have devel- 
oped from a single parent cell. Colonies that 
grow on “agar plates differ in shape, colour, 
Surface texture, and translucency and can 
therefore be used as a means of identifica- 
tion. 


colostrum A liquid with a high content of 
nitrogen, antibodies, and vitamins that is se- 
creted from the mammary glands before and 
just after giving birth. The change of secre- 
tion from colostrum to Proper milk takes 
Place gradually during the days after birth. 


coloured light 
(*cones) in the retina of the eyes. 


commensalism An interaction between two 
animal or plant species that habitually live 
together in which one species (the commen- 
sal) benefits from the association while the 
other is not significantly affected. For exam- 
ple, the burrows of many marine worms 
contain commensals that take advantage of 
the shelter provided but do Not affect the 
worm. 


Community A naturally occurring assem- 
blage of plant and animal species living 
within a defined area or habitat. Communi- 
tics are named after one of their *dominant 
species (e.g. a pine community) or the major 
physical characteristics of the area (c.g. à 
freshwater pond community). Members of a 
community interact in various ways (¢g- 
through *food chains and *competition). 
Large communities may be divided into 
smaller component communities. See associ- 
ation. 


companion cell A type of cell found with- 
in the *phloem of flowering plants. Each 
companion cell is usually closely associated 
with a *sieve clement. Its function is uncet- 
tain, though it appears to regulate the activ- 
ity of the adjacent sieve element. In gymno- 
Sperms a similar function is attributed to 
albuminous cells, which are found closely as- 
sociated with gymnosperm sieve elements. 


compass plant A plant that has its leaves 
permanently orientated in a north-south di- 
rection. Such an arrangement enables the 
Plant to take full advantage of morning and 
evening sun, while avoiding the stronger 
midday sunlight. An: example is the compass 
Plant of the prairies (Silphium laciniatum). 


competent Describing embryonic tissue 
that is capable of developing into a special- 
ized tissue when suitably stimulated. See in- 
duction; evocation. 


competition The interaction that occurs be- 
tween two or more organisms, populations. 
or species that share some environmental re- 
source when this is in short supply. Compe 
tition is an important force in evolution: 
plants, for example, become tall to compete 
for light, and animals evolve various fora& 
ing methods to compete for food. There 
may be a direct confrontation between cof? 
petitors, as occurs between barnacles COT" 
Peting for space on a rock, or the numbers 
or fecundity of the competitors are in 


ly reduced through joint dependence on lim- 
ited resources. Competition occurs both be- 
tween members of a species (intraspecific 
competition) and between different species 
(interspecific competition). Since competition 
ultimately results in the displacement by 
one competitor of the others, it is to the 
advantage of the competitors to avoid one 
another wherever possible. Thus in time the 
competitors become separated from cach 
Other geographically or ecologically, which 
promotes evolutionary change. Competition 
for mates may lead to *sexual selection. 


complement A group of proteins present 
in blood plasma and tissue fluid that aids 
the body's defences following an *immune 
response. Following an antibody-antigen 
Teaction, complement is activated chemically 
and becomes bound to the an- 
tibody—antigen complex (complement fixa- 
tion); it becomes involved in destroying for- 
eign cells and attracting scavenging white 
blood cells (*phagocytes) to the area of con- 
flict in the body. 


complemental males The small males of 
certain animals that live in or on the fe- 
males and are usually more or less degener- 
ate apart from the reproductive organs. 
They occur in certain crustaceans (e.g. some 
barnacles), in which the normal individuals 
are hermaphrodite but the complemental 
males have suppressed ovaries, lose their ali- 
mentary canal, and lead a semiparasitic €x- 
istence in the mahtle cavity of the larger 
Partner. This may ensure that cross fertiliza- 
tion occurs. 


composite fruit A type of fruit that devel- 
ops from an inflorescence rather than from 
a single flower. See pseudocarp; sorosis; 
strobilus; syconus. 


Compound eye The eye of insects and 
crustaceans, which consists of numerous vis- 
ual units, the ommatidia. Each ommatidium 
Consists of a lens beneath which is a crystal- 
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line cone and light-sensitive cells. The eye is 
convex, with the apices of the cones con- 
verging onto the optic nerve. There are two 
types of compound cye. In apposition eyes, 
typical of diurnal insects, each ommatidiura 
focuses rays parallel to its long axis so that 
each gives an image of a minute part of the 
visual field, producing a detailed mosaic im- 
age. In superposition eyes, typical of noctur- 
nal insects, each ommatidium receives light 
from a larger part of the visual field and 
the image may overlap with those received. 
by many neighbouring ommatidia. This pro- 
duces an image that is bright but lacks 
sharpness of detail. 


compound microscope See microscope. 


concentration The quantity of dissolved 
substance per unit quantity of solvent in a 
solution. Concentration is measured in vari- 
ous ways. The amount of substance dis- 
solved per unit volume (symbol c) has units 
of moldm~> or moll '. It is now called 
*concentration' (formerly molarity). The mass 
concentration (symbol p) is the mass of so- 
lute per unit volume of solvent. It has units 
of kgdm ^ 3 gem” 3, etc. The molal concen- 
tration" (or molality; symbol m) is the 
amount of substance per unit mass of sol- 
vent, commonly given in units of mol kg " 


conceptacle A flask-shaped cavity with a 
small opening (the ostiole) that is found in 
the swollen tip of certain brown algae, such 
as Fucus. It contains the sex organs. 


conditional response (conditioned re- 
flex) A learned response that develops to 
an initially ineffective stimulus in classical 
*conditioning. 


conditioning A process by which animals 
leam about a relation between two events. 
In classical (or Pavlovian) conditioning, Te- 
peated presentations of a neutral stimulus 
(e.g. the sound of a bell or buzzer) are fol- 
lowed each time by a biologically important 
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stimulus (such as food or electric shock), 
which elicits a response (eg salivation). 
Eventually the neutral stimulus presented by 
itself produces a response (the conditional 
response, Or conditioned reflex) similar “to 
that originally evoked by the biologically 
important stimulus. For example, Pavlov's 
dogs learned to salivate in response Jo the 
sound of a metronome that preceded the 
Presentation of food. In instrumental (or op- 
erant) conditioning the animal is rewarded 
(or punished) cách time it -makes a particu- 
lar response; this eventually causes: the fre- 
quency of the response to increase (or de- 
crease). For example, a rat will learn to 
Press a lever in order to obtain food. See 
reinforcement. 


condyle A smooth round Knob of bone 
that fits into a socket on an adjoining bone, 
forming a *joint Such a joint permits up- 
and-down or side-to-side movement but 
does not allow rotation. There are condyles 
where the lower jawbone (mandible) ‘is at- 
tached to the skull, which Permits chewing 
movements. See also occipital condyle, 


cone 1. (in Botany) A reproductive struc- 
ture occurring ‘in gymnosperms and some 
pteridophytes, known technically as a strobi- 
lus. It consists: of “sporophylls bearing the 
Spore-producing sporangia. Gymnosperms 
Produce different male and female cones. 
The largetlwoody female cones of Pines, firs, 
and offiér conifers are made up of structures 
called ovuliferous scales, which bear the 
ovules. 2. (in animal anatomy) A type of 
light-sensitive receptor cell, found in the 
*retinas of all diurnal vertebrates, Cones are 
Specialized to transmit information about 
colour and they function best in bright 
light. They are not evenly distributed on the 
retina, being concentrated in the “fovea and 
absent on the margin of the retina. Compare 
rod. 


congenital: Present at birth. Congenital dis- 
orders of the body may be due to Benetic 


factors, e.g. *Down's syndrome, or caused 
by injury or environmental factors, e.g. 
drugs.(such as thalidomide) and chemicals 
(such as dioxin). 


conidiospore Sec conidium. 


conidium (conidiospore) A spore of cer- 
tain fungi, such as mildews and moulds, 
that is produced by the constriction of the 
tip of a specialized hypha, the conidiophore. 
Chains of conidia may be cut off in this 
way. 


Coniferales An order within the *Gymno- 
Spermae containing some extinct species and 
most of the present-day gymnosperms, such 
as the pines, firs, and spruces. They are typr 
ically evergreen trees inhabiting cool tem- 
Perate regions and have leaves reduced to 
needles or scales. The wood of conifers, 
which is called softwood in contrast to the 
hardwood of angiosperm trees, is widely 
used for timber and pulp. 


conjugation 1. The fusion of two repro- 
ductive cells, Particularly when these are 
both the same size (see isogamy). 2, A form 
of sexual reproduction seen in some algae 
(e.g. Spirogyra), some bacteria (e.g. Escher- 
ichia coli), and ciliate protozoans. Two indi- 
viduals are united by a tube formed by out- 
growths from one or both of the cells. 
Genetic material from one cell (designated 
the male) then passes through the tube to 
unite with that in the other (female) cell. 


conjunctiva The delicate membrane that 
covers the cornea and lines the inside of the 


,SYelid of a vertebrate eye. It is kept clean 
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by secretions of the *lachrimal (tear) gland 
and the reflex blink mechanism. 


Connective tissue An animal tissue con- 
sisting of a small number of cells (e.g. *fi- 
broblasts and *mast cells) and fibres and à 
large amount of intercellular material (ma- 
trix), It is widely distributed and has many 


functions, including support, packing, de- 
fence, and repair! The individual constitu- 
ents vary, depending on the function of the 
tissue. Different types of connective tissue 
include mesenchyme in the embryo, *adipose 
tissue, loose areolar tissue for packing and 
support, blood, lymph, cartilage, and bone. 


conservation The sensible use of the 
earth's natural resources in order to avoid 
excessive degradation. and impoverishment 
of the environment. It should include the 
search for alternative food and fuel supplies 
when these are endangered (as by deforesta- 
tion and overfishing); an awareness of the 
dangers of *pollution; and the maintenance 
and preservation of natural habitats and the 
creation of new ones (e.g. nature reserves 
and national parks). 


consociation A climax plant *community 
that is dominated by one particular species, 
e.g. a pine forest. See dominant. Compare 
association. 


consumer An organism that feeds upon 
those below it in a *food chain (ie. at the 
preceding *trophic level). Herbivores, which 
feed upon, green plants, are primary consum- 
ers; a carnivore that feeds only upon herbi- 
vores is a secondary consumer. Compare pro- 
ducer, 


continental drift The theory that the 
earth's continents once formed a single mass 
and have since moved relative to each other. 
It was first postulated by A. Snider in 1858 
and greatly developed by Alfred Wegener in 
1912. He used evidence, such as the fit of 
South America into Africa and the distribu- 
tion of rock types, flora, fauna, and geologi- 
cal structures, to suggest that the present 
distribution of the continents results from 
the breaking up of one or two greater land 
masses. The original land mass was named 
Pangaea and it was suggested that this 
broke up into the northerly Laurasia and 
the southerly Gondwanaland. The theory 
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(c) 65 million years ago 


Continental drift 


was not accepted for about 50 years by the 
majority of geologists but during the early 
1960s, H. H. Hess's seafloor-spreading hy- 
pothesis and the subsequent development of 
*plate tectonics produced a mechanism to 
explain the drift of the continents. 


continuous variation (quantitative varia- 
tion) The range of differences that can be 
observed in many characteristics in a popu- 
lation. Characteristics resulting from *mul- 
tifactorial inheritance show continuous vari- 
ation, e.g. the wide range of foot sizes in an 
adult human population. Compare discontin- 
uous variation. 


CONTOUR FEATHERS 


contour feathers ‘Feathers that are ar- 
ranged in regular rows on a bird's body, 
giving the body its streamlined shape. Each 
has a central horny shaft (the rachis) with a. 
flattened vane on each side. Each vane is 
composed of two rows of filament-like 
*barbs, which are connected to each other 
by m of hooked *barbules to form a 
smooth surface. There is often a small sec- 
ond vane, the aftershaft, near the base of 
the feather. 


contractile root Any of the modified ad- 
ventitious roots that develop from the base 
of the stem of a bulb or corm. The new 
bulb or corm develops at a higher level in 
the soil than the old one. The contractile 
roots shorten and pull it down to a suitable 
level. 


contractile vacuole A membrane-surround- 
ed cavity in a cell thet periodically expands, 
filling with water, and then suddenly con- 
tracts, expelling its contents to the cell's ex- 
terior. It is thus an organ of *osmoregula- 
tion and excretion. Contractile vacuoles are 
common in freshwater sponges and typical 
of freshwater protozoans, such as Amoeba 
(which has one spherical vacuole) and Eu- 
glena and Paramecium (in which a number 


of accessory vacuoles are attached to a main 
vacuole). 


convergent evolution The development of 
superficially similar structures in unrelated 
organisms, usually because the organisms 
live in the same kind of environment. Ex- 
amples are the wings of insects and birds 
and the streamlined bodies of whales and 
fish. Compare adaptive radiation. 


Copepoda A subclass of crustaceans occur- 
ring in marine and freshwater habitats. Co- 
pepods are usually 0.5—2 mm long and lack 
both a carapace and compound eyes. Cope- 
pods are important members of plankton: 
some are free-living, feeding on microscopic 
organisms; others are parasitic. A familiar 
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freshwater genus is Cyclops, so named be- 
cause the members have a single median 
eye. 


coral Any of a group of sedentary colonial 
marine invertebrates belonging to the class 
Anthozoa of the phylum *Coelenterata. A 
coral colony consists of individual *polyps 
within a protective skeleton that they se- 
crete: this skeleton may be soft and jelly- 
like, horny, or stony. The horny skeleton se- 
creted by corals of the genus Corallium, €s- 
pecially C. rubrum, constitutes the red, or 
precious, coral used as a gemstone. The 
skeleton of stony, or true, corals consists of 
almost pure calcium carbonate and forms 
the coral reefs common in tropical seas. 


cork (phellem) A protective waterproof 
plant tissue produced by the *cork cambi- 
um. It develops in plants undergoing *sec- 
ondary growth and replaces the epidermis. 
Its cells, whose walls are impregnated with 
*suberin, are arranged in radial rows and fit 
closely together except where the cork is in- 
terrupted by *lenticels. Some cork cells be- 
come air-filled while others contain deposits 
of lignin, tannins, and fatty acids, which 
give the cork a particular colour. The cork 
oak (Quercus suber) produces cork that can 
be used commercially. 


cork cambium (phellogen) A type of 
*cambium arising within the outer layers of 
the stems of woody plants, usually as à 
complete ring surrounding the inner tissues. 
The cells of the cork cambium divide to 
produce an outer corky tissue (*cork Of 
phellem) and an inner secondary cortex 
(phelloderm). Cork, cork cambium, and phel- 
loderm together make up the periderm, af 
impermeable outer layer that protects the 
inner stem. tissues if the outer tissues split 
as the stem girth increases with age. It thus 
takes over the functions of the epidermis. 


corm An underground organ formed by 
certain plants, e.g. crocus and gladiolus, that 


winter 


VAV 


flower and 
foliage leaves 


corm shrivels as 
food used for 
growing plant 


spring 


withered new bud 
foliage 


leaves 


swelling stem 
forming new 
corm 


autumn 


Development of a corm 


enables them to survive from onc growing 
season to the next. It consists of a short 
swollen food-storing stem surrounded by 
Protective scale leaves. One or more buds in 
the axils of scale leaves produce new foliage 
leaves and flowers in the subsequent season, 
using up the food stored in the stem. Com- 
Pare bulb. 


cornea A transparent layer of tissue, con- 
tinuous with the ‘sclerotic, that forms the 
front part of the vertebrate eye, over the iris 
and lens, The comea refracts light entering 
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the eye onto the lens, thus assisting in the 
focusing of images onto the *retina. See also 
astigmatism. 


cornification See keratinization. 


corolla The *petals of a flower, collectively, 
forming the inner whorl of the *perianth. It 
encircles the stamens and carpels. The form 
of the corolla is very variable. The petals 
may cither be free (polypetalous) or united 
to form a tube (gamopetalous). 


coronary vessels Two pairs of blood ves- 
sels (the coronary arteries and coronary 
veins) that supply the muscles of the heart 
itself. The coronary arteries arise from the 
aorta and divide into branches that encircle 
the heart. A blood clot in a coronary artery 
(coronary thrombosis) is one of the causes of 
a ‘heart attack’. 


corpus luteum The yellowish body that 
forms in the cavity of a *Graafian follicle in 
the ovary of a mammal after the release of 
the egg cell. It secretes the hormone *pro- 
gesterone. Some species of sharks, reptiles, 
and birds have similar structures in their 
ovaries but the function of these is less well 
understood. 


cortex 1. (in botany) The tissue between 
the epidermis and the vascular system in 
plant stems and roots. It is composed of 
*parenchyma cells and shows little or no 
structural differentiation. Cortex js produced 
by activity of the *apical meristem. See also 
endodermis. 2. (in zoology) The outermost 
layer of tissue of various organs, including 
the adrenal glands (adrenal cortex), kidneys 
(renal cortex), and cerebral hemispheres (see 
cerebral cortex). 


corticosteroid Any of several hormones 
produced by the cortex of the *adrenal 
glands: Glucocorticoids regulate the use of 
carbohydrates, proteins, and fats in the 
body and include *cortisol and *cortisone. 
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Mineralocorticoids regulate salt and water 
balance (see aldosterone). 


corticotrophin See ACTH. 


cortisol (hydrocortisone) A hormone (see 
corticosteroid), produced by the adrenal 
glands, that promotes the synthesis and 
storage of glucose and is therefore impor- 
tant in the normal response to stress, sup- 
presses or prevents inflammation, and regu- 
lates deposition of fat in the body. It is 
used as treatment for various allergies and 
for rheumatic fever, certain skin conditions, 
and adrenal failure (Addison's disease). 


cortisone A hormone (see corticosteroid), 
produced by the adrenal glands, that is 
closely related to, and has an action similar 
to that of, *cortisol. Cortisone is also the 
name for a synthetic version of cortisol. 


corymb A type of flowering shoot (see rac- 
emose inflorescence) in which the lower 
flower stalks are longer than the higher 
ones, resulting in a flat-topped cluster of 
flowers. Examples are candytuft and wall- 
flower. 


cosmoid scale See scales. 


cotyledon (seed leaf) A part of the em- 
bryo in a seed plant. The number of cotyle- 
dons is an important feature in classifying 
plants. Among the flowering plants, the 
class *Monocotyledonae have a single 
cotyledon and *Dicotyledonae have two. 
Gymnosperms have either two cotyledons, 
as in Taxus (yews) and Cycas, or five to 
ten, as in Pinus (pines). In seeds without an 
*endosperm, c.g. garden pea and broad 
bean, the cotyledons store food, which is 
used in germination. In seeds showing *epi- 
geal germination, e.g. runner bean, they 
emerge above the soil surface and become 
the first photosynthetic leaves. 


courtship Behaviour in animals that plays a 
part in the initial attraction of a mate or as 
a prelude to copulation. Courtship often 
takes the form of ‘displays that have 
evolved through ‘ritualization; some are de- 
rived from other contexts (e.g. food begging 
in some birds) Chemical stimuli (see pher- 
omone) are also important in many mam- 
mals and insects. 

As well as ensuring that the prospective 
mate is of the same species, the male's 
courtship performance allows females to 
choose between different males. The later 
stages of courtship may involve both part- 
ners in an alternating series of displays that 
inhibit *aggression and fear responses and 
ensure synchrony of sexual arousal. 


coxa The first segment, attached to the 
thorax, of an insect's leg. See also femur; 
trochanter. 


cranial nerves Ten to twelve pairs of 
nerves in vertebrates that emerge directly 
from the brain. They supply the sense or- 
gans and muscles of the head, neck, and 
viscera. Examples of cranial nerves include 
the *optic nerve (II) and the *vagus nerve 
(X). With the *spinal nerves, the cranial 
nerves form an important part of the *pe- 
ripheral nervous system. 


Craniata See Vertebrata. 


cranium (brain case) The part of the ver- 
tebrate *skull that encloses and protects the 
brain. It is formed by the fusion of several 
flattened bones, which have immovable 
joints (sutures) between them. 


creatine A compound, synthesized from the 
amino acids arginine, glycine, and methio- 
nine, that occurs in muscle. In the form of 
creatine phosphate (or phosphocreatine), it is 
an important reserve of energy for muscle 
contraction, which is released when creatine 
phosphate loses its phosphate and is con- 


verted to creatinine, which is excreted in the 
urine. See also phosphagen. 


creationist A proponent of the theory of 
*special creation. 


cremocarp A dry fruit that is a type of 
"schizocarp formed from two one-seeded 
carpels. The carpels remain separate and 
form indehiscent mericarps that are attached 
to a central supporting strand (carpophore) 
for some time before dispersal. It is charac- 
teristic of the Umbelliferae (carrot family). 


Cretaceous The final geological period of 
the Mesozoic era. It extended from about 
136 million years ago, following the Juras- 
sic, to about 65 million years ago, when it 
was succeeded by the Palaeocene epoch. 
The name of the period is derived from 
creta (Latin: chalk) and the Cretaceous was 
characterized by the deposition of large 
amounts of *chalk in western Europe. The 
Cretaceous was the time of greatest flooding 
in the-Mesozoic. Angiosperm plants made 
their first appearance on land and in the 
early Cretaceous Mesozoic reptiles reached 
their peak, At the end of the period there 
was a widespread extinction of the dino- 
saurs, flying reptiles, and ammonites, the 
cause of which is not definitely known, al- 
though it may be partly related to changing 
environmental conditions at the time. 


crista 1. See semicircular canals. 2. See mi- 
tochondrion. 


critical group A large group of related or- 
ganisms that, although variations exist be- 
tween them, cannot be divided into smaller 
groups of equivalent taxonomic rank to the 
parent group. 


Cromagnon man The earliest form of 
modern man (Homo sapiens), which is be- 
lieved to have appeared in Europe about 
35000 years ago and possibly earlier in Af- 
Tica and Asia. Fossils indicate that these 
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hominids were taller and more delicate: than. 
*Neanderthal man, which they replaced. 
They used intricately worked tools of stone 
and bone and left the famous cave drawings 
at Lascaux in the Dordogne. The name is 
derived from the site at Cromagnon, France, 
where the first fossils were found in 1868. 


crop An enlarged portion of the anterior 
section of the alimentary canal in some ani- 
mals, in which food may be stored and/or 
undergo preliminary digestion. The term is 
most commonly applied to the thin-walled 
sac in birds between the oesophagus and 
the *proventriculus. In female pigeons the 
crop contains glands that secrete crop milk, 
used to feed nestlings. 


cross 1, A mating between two selected in- 
dividuals. Controlled crosses are made for 
many feasons, e.g. to investigate the inheri- 
tance of a particular characteristic or to im- 
prove a livestock or. crop variety. See also 
back cross; reciprocal cross. 2. An organism 
resulting from such a mating. 


paired 
centromere — homologous 
SR, 
chiasma t chiasma 
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{ direction of movement 


t 


recombinant 
chromatids 


i 


Crossing over at two chiasmata in a 
pair of homologous chromosomes 


crossing over An exchange of portions of 
chromatids between *homologous chromo- 
somes. As the chromosomes begin to move 
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apart at the end of the first prophase of 
“meiosis, they remain in contact at a 
number of points (see chiasma). At these 
points the chromatids break and rejoin in 
such a way that sections are exchanged (see 
illustration). Crossing over thus alters the 
pattern of genes in the chromosomes. See 
recombination. 


Crustacea A class of arthropods containing 
over 35000 species distributed worldwide, 
mainly in freshwater and marine habitats, 
where they constitute a major component of 
plankton. Crustaceans include shrimps, 
crabs, and lobsters (see Decapoda), barna- 
cles, water fleas (see Daphnia), copepods 
(see Copepoda), and the terrestrial woodlice. 
The segmented body usually has a distinct 
head (bearing *compound eyes, two pairs of 
"antennae, and various mouthparts), thorax, 
and abdomen, and is protected by a shell- 
like carapace. Each body segment may bear 
a pair of branched (biramous) appendages 
used for locomotion, as gills, and for filter- 
ing food particles from the water, Append- 
ages in the head region are modified to 
form jaws and in the abdominal region are 
often reduced or absent. Typically, the eggs 
hatch to produce a free-swimming nauplius 
larva. This develops either by a series of 
moults or undergoes metamorphosis to the 
adult form. 


cryptic coloration The type of colouring 
or marking of an animal that helps to cam- 
ouflage it in its natural environment. It may 
enable the animal to blend with its back- 
ground or, like the stripes of zebras and 
tigers, help to break up the outline of its 
body. 


CSF See cerebrospinal fluid. 


cultivar A *variety of a plant that has been 
developed by cultivation as a result of agri- 
cultural or horticultural practices. The term 
is derived from cultivated variety. 
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culture medium A nutrient material, cither 
solid or liquid, used to support the growth 
and reproduction of microorganisms or to 
maintain tissue or organ cultures. See also 
agar. 


cupule 1. A hard or membranous cup- 
shaped structure formed from bracts and 
enclosing various fruits, such as the hazelnut 
and acorn. 2. A structure in club mosses 
(Lycopodium species) that protects the gem- 
ma (resting bud) during its development. It 
is composed of six leaflike structures. 3. 
The bright red tissue around the seed of 
yew (Taxus), forming the yew ‘berry’. 


cusp 1. A sharp raised protuberance on the 
surface of a *molar tooth. The cusps of op- 
posing molars (ie. on opposite jaws) are 
complementary to cach other, which in- 
creases the efficiency of grinding food dur- 
ing chewing. 2. A flap forming part of a 
“valve. 


cuticle 1. (in botany) The continuous waxy 
layer that covers the aerial parts of a plant. 
Composed of *cutin, it is secreted by the 
“epidermis and its primary function is to 
prevent water loss. 2. (in zoology) A layer 
of horny noncellular material covering, and 
secreted by, the epidermis of many in- 
vertebrates. It is usually made of a collagen- 
like protein or of chitin and its main func- 
tion is protection. In arthropods it is also 
strong enough to act as a skeleton (see exo- 
skeleton) and in insects it reduces water 
loss. Growth is allowed by moulting of the 
cuticle (see ecdysis). 


cuticularization The secretion by the outer 
(epidermal) layer of cells of plants and 
many invertebrates of substances that then 
harden to form a *cuticle. 


cutin A mixture of waxy substances that 
impregnates the cell wall and covers the 
Outer surface of mature epidermal plant 
cells, forming a cuticle. The deposition of 


cutin (cutinization) reduces water loss by the 
plant and helps prevent the entry of patho- 
gens. See also suberin. 


cutinization The deposition of *cutin in 
plant cell walls, principally in the outermost 
layers of leaves and young stems. 


Cutis See dermis. 


Cutting A part of a plant, such as a bud, 
leaf, or a portion of a root or shoot; that, 
When detached from the plant and inserted 
in soil, can take root and give rise to a new 
daughter plant. Taking or striking cuttings 
is a horticultural method for propagating 
plants. See also vegetative propagation. 


cyanocobalamin See vitamin B complex. 


Cyanophyta (blue-green algae) A divi- 
sion containing very simple *algae that re- 
semble photosynthetic bacteria in their in- 
ternal organization (see prokaryote). 
Cyanophytes are unicellular but sometimes 
become joined in colonies or filaments by a 
sheath of mucilage. They occur in all aquat- 
ic habitats. A few species fix atmospheric 
nitrogen and thus contribute to soil fertility 
(see nitrogen fixation). Others exhibit *sym- 
biosis (see Lichenes). 


Cycadales An order within the *Gymno- 
Spermae containing many extinct species 
and a few of the present-day gymnosperms. 
Cycads inhabit tropical and subtropical re- 
gions, sometimes growing to a height of 
20m. The stem bears a crown of fernlike 
leaves. These species are among the most 
Primitive of living seed plants. 


cyclamates Salts of the acid 
C,H) ,.NH.SO,H, where CHj- is a 
cyclohexyl group. Sodium and calcium 
cyclamates were formerly used as sweetening 
Agents in soft drinks, etc, until their use was 
banned when they were suspected of caus- 
ing cancer. 


CYSTEINE 


cyclic AMP A derivative of *ATP that is 
widespread in animal cells as an intermedi- 
ate messenger in many biochemical reac- 
tions induced by hormones. Upon reaching 
their target cells, the hormones activate the 
enzyme that catalyses cyclic AMP produc- 
tion. Cyclic AMP ultimately activates the 
enzymes of the reaction induced by the hor- 
mone concemed. Cyclic AMP is also in- 
volved in controlling gene expression and 
cell division, in immune responses, and in 
nervous transmission. 


Cyclostomata See Agnatha. 
cyme See cymose inflorescence. 


cymose inflorescence (cyme; definite in- 
florescence) A type of flowering shoot (see 
inflorescence) in which the first-formed 
flower develops from the growing region at 
the top of the flower stalk. Thus no new 
flower buds can be produced at the tip and 
other flowers are produced from lateral 
buds beneath. In a monochasial cyme (or 
monochasium), the development of the flow- 
er at the tip is followed by a new flower 
axis growing from a single lateral bud. Sub- 
sequent new flowers may develop from the 
same side of the lateral shoots, as in the 
buttercup, or alternately on opposite sides, 
as in forget-me-not. In a dichasial cyme (or 
dichasium), the development of the flower at 
the apex is followed by two new flower axes 
developing from buds opposite one another, 
as in plants of the family Caryophyllaceae 
(such as stitchwort). Compare racemose in- 
florescence. 


cypsela A dry single-seeded fruit that does 
not split open during seed dispersal and is 
formed from a double ovary in which only 
one ovule develops into a seed. It is similar 
to an *achene and characteristic of members 
of the family Compositae, such as the 
dandelion. See also pappus. 


cysteine See amino acid. 
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dichasial cyme 

1 = oldest flower 


Types of cymose inflorescence 


cystine A molecule resulting from the oxi- 
dation reaction between the sulphydryl 
(—SH) groups of two cysteine molecules (see 
amino acid). This often occurs between ad- 
jacent cysteine residues in polypeptides. The 
resultant disulphide bonds (-S-S—) are im- 
portant in stabilizing the structure of prote- 
in molecules. 


cytidine A nucleoside comprising one 
cytosine molecule linked to a D-ribose sugar 
molecule. The derived nucleotides, cytidine 
mono-, di-, and triphosphate (CMP, CDP, 
and CTP respectively) participate in various 
biochemical reactions, notably in phospho- 
lipid synthesis. 


TY 


cytochrome “Any of à group of proteins, 
each with an iron-containing *haem group, 
that form part of the *electron transport 
chain in mitochondria and chloroplasts. 
Electrons are transferred by reversible 
changes in the iron-dtom between the re- 
duced Fe(II) and oxidized Fe(III) states. 


cytogenetics The study of inheritance in 
relation to the structure and function of 
cells. For example, the results of breeding, 
experiments can be explained in terms of 
the belaviour of chromosomes during the 
formation of the reproductive cells. 


cytokinin (kinin) Any of a group of plant 
*growth substances chemically related to the 
purine adenine. Cytokinins stimulate cell di- 
vision in the presence of *auxin and have 
also been found to delay senescence, Ovet- 
come *apical dominance, and promote cell 
expansion. Zeatin is a naturally occurring 
cytokinin. 


cytology The study of the structure and 
function of cells. The development of the 
light and electron microscopes has enabled 
the detailed structure of the nucleus (includ- 
ing the chromosomes) and other organelles 
to be elucidated. Microscopic examination 
of cells, either live or as stained sections OD 
a slide, is also used in the detection and 
diagnosis of various diseases, especially 
*cancer. 


cytolysis The breakdown of cells, usually 
as a result of destruction or dissolution of 
their outer membranes. Certain drugs 
(cytotoxic drugs) have this effect and are 
used in the treatment of some forms of can- 
cer. 


cytomegalovirus A virus belonging tO tbe 
herpes group (see herpesvirus). In man it 
normally causes symptoms that are milder 
than the common cold, but it can produce 
more serious symptoms in those whose *im- 
mune response is disturbed (e.g. cancer pa- 


tients). Infection in- pregnant women may 
cause congenital handicap in their children. 


cytoplasm The jelly-like material surround- 
ing the nucleus of a *cell. It can be differ- 
entiated into dense outer ectoplasm, which is 
concerned primarily with cell movement, 
and less dense endoplasm, which contains 
most of the cell's structures. 


cytoplasmic inheritance The inheritance 
of genes contained in the cytoplasm of a 
cell, rather than the nucleus. Only a very 
small number of genes are inherited in this 
way. The phenomenon occurs because cer- 
tain organelles, the *mitochondria and (in 
plants) the “chloroplasts, contain their own 
genes and can reproduce independently. The 
female reproductive cell (the egg) has a 
large amount of cytoplasm containing many 
such organelles, which are consequently in- 
corporated into the cytoplasm of all the 
cells of the embryo. The male reproductive 
cells (sperm or pollen), however, consist al- 
most solely of a nucleus. Cytoplasmic or- 
ganelles are thus not inherited from the 
male parent. In plants, male sterility can be 
inherited via the cytoplasm. The inheritance 
of any such factors does not follow Mende- 
lian laws. 


cytosine A *pyrimidine derivative. It is onc 
of the principal component bases of *nucle- 
tides and the nucleic acids *DNA and 
*RNA. 


cytotaxonomy See taxonomy. 


2,4-D  2,4-dichlorophenoxyacetic acid: a 
synthetic *auxin frequently used as a weed- 
killer of broad-leaved weeds. 
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dance of the bees A celebrated example 
of communication in animals, first investi- 
gated by Karl von Frisch (1886-1982). 
Honeybee workers on returning to the hive 
after a successful foraging expedition per- 
form a ‘dance’ on the comb that contains 
coded information about the distance and 
direction of the food source. Other workers, 
sensing vibrations from the dance, follow 
the instructions to find the food source. 


Daphnia A genus of crustaceans belonging 
to the suborder Cladocera (water fleas). 
Daphnia species have a transparent carapace 
and a protruding head with a pair of highly 
branched antennae for swimming and a sin- 
gle median compound eye. The five pairs of 
thoracic appendages form an efficient filter- 


place without mating, i.e. by *parthenogenc- 
sis. 


dark reactions See photosynthesis. 


Darwinism The theory of *evolution pro- 
posed by Charles Darwin (1809-82) in On 
the Origin of Species (1859), which postulat- 
ed that present-day species have evolved 
from simpler ancestral types by the process 
of *natural selection acting on the variabili- 
ty found within populations. On the Origin 


created — a view directly opposed to the 
doctrine of *special creation. However the 
wealth of evidence presented by Darwin 
gradually convinced most people and the 
only major unresolved problem was to €x- 
plain how the variations in populations 
arose and were maintained from one genera- 
tion to the next. This became clear with the 
rediscovery of Mendel's work on classical 
genetics in the 1900s and led to the present 
theory of *neo-Darwinism. 


Darwin's finches (Galapagos finches) 
The 14 species of finch, unique to the 
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Galapagos Islands, that Charles Darwin 
studied during his journey on HMS Beagle. 
Each is adapted to exploit a different food 
source. They are not found on the mainland 
because competition there for these food 
sources from other birds is fiercer. Darwin 
believed all the Galapagos finches to be de- 
scendants of a few that strayed from the 
mainland, and this provided important evi- 
dence for his theory of evolution. See also 
adaptive radiation. 


dating techniques Methods of estimating 
the age of rocks, palaeontological specimens, 
archaeological sites, etc. Relative dating tech- 
niques date specimens in relation to one an- 
other; for example, stratigraphy is used to 
establish the succession of fossils. Absolute 
(or chronometric) techniques give an absolute 
estimate of the age and fall into two main 
groups. The first depends on the existence 
of something that develops at a seasonally 
varying rate, as in "dendrochronology and 
*varve dating. The other uses some measur- 
able change that occurs at a known rate, as 
in *chemical dating, radioactive (or radiomet- 
ric) dating (see carbon dating; fission-track 
dating; potassium- argon dating; rubidi- 
um-strontium dating; uranium-lead dat- 
ing), and *thermoluminescence. 


day-neutral plant A plant in which flower- 
ing can occur irrespective of the day length. 
Examples are cucumber and maize. See 
photoperiodism. Compare long-day plant; 
short-day plant. 


DDT Dichlorodiphenyltrichloroethane; a 
colourless organic crystalline compound, 
(CIC;H,) CH(CCl). DDT is the bes 
known of a number of chlorine-containing 
pesticides used extensively in agriculture in 
the 1940s and 1950s. The compound is sta- 
ble, accumulates in the soil, and concen- 
trates in fatty tissue, reaching dangerous 
levels in carnivores high in the food chain. 
Restrictions are now placed on the use of 
DDT and similar pesticides. 


deca- Symbol da. A prefix used in the met- 
Tic system to denote ten times. For example, 
10 coulombs = 1 decacoulomb (daC). 


Decapoda An order of crustaceans distrib- 
uted worldwide, mainly in marine habitats. 
Decapods comprise swimming forms 
(shrimps and prawns) and crawling forms 
(crabs, lobsters, and crayfish). All are char- 
acterized by five pairs of walking legs, the 
first pair of which are highly modified in 
crawling forms to form powerful grasping 
Pincers. The carapace is fused with the tho- 
rax and head forming a *cephalothorax. The 
antennae are especially long in shrimps and 
Prawns, which also possess several pairs of 
well-developed swimming appendages (pleo- 
pods) posterior to the walking legs. Follow- 
ing fertilization by the male, females usually 
carry the eggs until they hatch. The larvae 
undergo several transformations before at- 
taining adult form. 


deci- Symbol d. A prefix used in the metric 
system to denote one tenth. For example, 
0.1 coulomb = 1 decicoulomb (dC). 


decibel A unit used to compare two power 
levels, usually applied to sound or electrical 
signals. Although the decibel is one tenth of 
a bel, it is the decibel, not the bel, that is 
invariably used. Two power levels P and Po 
differ by n decibels when n = 10log; oP/ Po: 
If P is the level of sound intensity to be 
measured, Py is a reference level, usually 
the intensity of a note of the same frequen- 
cy at the threshold of audibility. 

The logarithmic scale is convenient as 
human audibility has a range of 1 (just au- 
dible) to 10'? (just causing pain) and one 
decibel, representing an increase of some 
26%, is about the smallest change the car 
can detect. 


deciduous Describing plants in which all 
the leaves are shed at the end of each grow- 
ing season, usually the autumn in temperate 
regions or at the beginning of a dry season 


in the tropics. This seasonal leaf fall helps 
the plant retain water that would otherwise 
be lost by transpiration from the leaves. Ex- 
amples of deciduous plants are rose and 
horse chestnut. Compare evergreen. 


deciduous teeth (milk teeth) The first of 
two sets of teeth of a mammal. These teeth 
are smaller than those that replace them 
(the ‘permanent teeth) and fewer in 
number, since there are no deciduous *mo- 
lars. See also diphyodont. 


decomposer An organism that obtains en- 
ergy from the chemical breakdown of dead 
organisms or animal or plant wastes. Exam- 
ples are earthworms and many bacteria and 
fungi. Many decomposers (eg. nitrifying 
bacteria) are specialized to break down or- 
ganic materials that are difficult for other 
organisms to digest. Decomposers fulfil a vi- 
tal role in the “ecosystem, returning the 
constituents of organic matter to the envi- 
ronment in inorganic form so that they can 
again be assimilated by plants. See also car- 
bon cycle; nitrogen cycle. 


deficiency disease Any disease caused by 
an inadequate intake of an essential nutrient 
in the diet, primarily vitamins, minerals, and 
amino acids. Examples are scurvy (lack of 
vitamin C), rickets (lack of vitamin D), and 
iron-deficiency anaemia. 


definite inflorescence See cymose inflores- 
cence. 


degeneration 1. Changes in cells, tissues, 
Or organs due to disease, etc., that result in 
an impairment or Joss of function and pos- 
sibly death and breakdown of the affected 
part. 2. The reduction in size or complete 
loss of organs during evolution. The human 
appendix has undergone this process and 
Performs no function in man. Degeneration 
of external organs may cause animals to ap- 
Pear to be more primitive than they really 
are; for example, early zoologists believed 
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whales were fish rather than mammals be- 
cause of the degeneration of their limbs. See 
also vestigial organ. 


deglutition (swallowing) A reflex action 
initiated by the presence of food in the 
pharynx. During deglutition, the soft *palate 
is raised, which prevents food from entering 
the nasal cavity; the "epiglottis closes, 
which blocks the entrance to the windpipe; 
and the oesophagus starts to contract (see 
peristalsis), which ensures that food is con- 
veyed to the stomach. 


dehiscence The spontaneous and often vio- 
lent opening of a fruit, seed pod, or anther 
to release and disperse the seeds or pollen. 
Examples are the splitting of laburnum pods 
and primrose capsules. 


dehydrogenase Any enzyme that catalyses 
the removal of hydrogen atoms in biological 
reactions. Dehydrogenases occur in many 
biochemical pathways but are particularly 
important in driving the *electron-transport- 
chain reactions of cell respiration. They 
work in conjunction with the hydrogen-ac- 
cepting coenzymes *NAD and *FAD. 


deme A group of organisms in the same 
*taxon. The term is used with various 
prefixes that denote how the group differs 
from other groups. For example, an ecodeme 
occurs in a particular ecological habitat, 
cytodemes differ from each other cytological- 
ly, and genodemes differ genetically. 


denature To produce a structural change in 
a protein or nucleic acid that results in the 
reduction or loss of its biological properties. 
Denaturation is caused by heat, chemicals, 
and extremes of pH. The differences be- 
tween raw and boiled eggs are largely a re~ 
sult of denaturation. 


dendrite A slender branching process of 
the cell body of a *neurone. It forms con- 
nections (see synapse) with the axons of 
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other neurones and transmits nerve impulses 
from these to the cell body. 


dendrochronology An absolute *dating 
technique using the *growth rings of trees. 
It depends on the fact that trees in the 
same locality show a characteristic pattern 
of growth rings resulting from climatic con- 
ditions. Thus it is possible to assign a defi- 
nite date for each growth ring in living 
trees, and to use the ring patterns to date 
fossil trees or specimens of wood (e.g. used 
for buildings or objects on archaeological 
sites) with lifespans that overlap those of 
living trees. The bristlecone pine (Pinus aris- 
tata), which lives for up to 5000 years, has 
been used to date specimens over 8000 
years old. Fossil specimens accurately dated 
by dendrochronology have been used to 
make corrections to the *carbon-dating 
technique. Dendrochronology is also helpful 
in studying past climatic conditions. Analy- 
sis of trace clements in sections of rings can 
also provide information on past atmospher- 
ic pollution. 


denitrification A chemical process in which 
nitrates in the soil are reduced to molecular 
nitrogen, which is released into the atmos- 
phere. This process is effected by the bacte- 
rium Pseudomonas denitrificans, which uses 
Nitrates as a source of energy for other 
chemical reactions in a manner similar to 
respiration in other organisms. Compare ni- 
trification. See nitrogen cycle. 


dental formula A representation of the 
dentition of an animal. A dental formula 
consists of eight numbers, four above and 
four below a horizontal line. The numbers 
represent (from left to right) the numbers of 
incisors, canines, premolars, and molars in 
cither half of the upper and lower jaws. The 
total number of teeth in both jaws is there- 
fore obtained by adding up all the numbers 
in the dental formula and multiplying by 2. 
Representative dental formulas are shown in 
the illustration. 


2 12 3 man 
EET (32 teeth) 
2 0 3 3 rabbit 
ano 3 (28 teeth) 
3 1 4 2 bear 
Cuv ul (42 teeth) 


Representative dental formulas 


denticle (placoid scale) See scales. 


dentine The bony material that forms the 
bulk of a *tooth. Dentine is similar in com- 
position to bone but is perforated with 
many tiny canals for nerve fibres, blood 
capillaries, and processes of the dentinc- 
forming cells (*odontoblasts). Ivory, the ma- 
terial that forms elephant tusks, is made of 
dentine. 


dentition The type, number, and arrange- 
ment of teeth in a species. This can be rep- 
resented concisely by a *dental formula. See 
also diphyodont; monophyodont; polyphy- 
odont; heterodont; homodont. 


deoxyribonucleic acid See DNA. 


depolarization A reduction in the differ- 
ence of electrical potential that exists across 
the cell membrane of a nerve or muscle cell. 
Depolarization of a nerve-cell membrane 0C- 
curs during the passage of an *action poten- 
tial along the axon when the nerve is trans- 
mitting an impulse. 


dermal bone See membrane bone. 


Dermaptera An order of insects compris- 
ing the carwigs. Earwigs typically have long 
thin cylindrical bodies with biting mouth- 
parts and a stout pair of curved forceps at 
the tip of the abdomen, used for catching 
prey and in courtship. Some species have a 
single pair of wings, which at rest are 


folded back over the abdomen like a fan; 
others are wingless. Most earwigs are noc- 
turnal and omnivorous. 


dermis (corium; cutis) The thicker and in- 
nermost layer of the *skin of vertebrates, 
the other layer being the ‘epidermis. The 
dermis consists of fibrous connective tissue 
in which are embedded blood vessels, senso- 
ry nerve endings, and (in mammals) hair 
follicles, sebaceous glands, and sweat ducts. 
Beneath the dermis lies the *subcutancous 
tissue. 


desiccator A container for drying sub- 
stances or for keeping them free from mois- 
ture. Simple laboratory desiccators are glass 
Vessels containing a drying agent, such as 
silica gel. They can be evacuated through a 
tap in the lid. 


desmids A group of unicellular algae bc- 
longing to the *Chlorophyta. Like Spirogyra, 
they have an elaborate chloroplast. The cells 
of desmids are characteristically split into 
two halves joined by a narrow neck, each 
half being a mirror image of the other. The 
outer wall of the cell is patterned with vari- 
Ous protuberances. Desmids are an impor- 
tant component of the plankton. 


desorption The removal of adsorbed atoms, 
molecules, or ions from a surface. 


determined Describing embryonic tissue at 
a stage when it can develop only as a cef- 
tain kind of tissue (rather than as any kind) 


Devonian A geological period in the 
Palaeozoic era that extended from the end 
of the Silurian (about 395 million years ago) 
to the beginning of the Carboniferous 
(about 345 million years ago). It was named 
by Adam Sedgwick (1785-1873) and 
Roderick Murchison (1792-1871) in 1839. 
The Devonian is divided into seven stages 
based on invertebrate fossil remains, such as 
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corals, brachiopods, ammonoids, and cri- 
noids, found in marine deposits. There were 
alsg extensive continental deposits consisting 
of conglomerates, red silts, and sandstones, 
forming the Old Red Sandstone facies. Fos- 
sils in the Old Red Sandstone include fishes 
and the earliest land plants. Graptolites be- 
came extinct early in the Devonian and the 
trilobites declined. 


dextrose See glucose. 
d-form See optical activity. 
diabetes See insulin; vasopressin. 


diakinesis The period At the end of the 
first prophase of *meiosis when the separa- 
tion of *homologous chromosomes is almost 
complete and *crossing over has occurred. 


dialysis A method by which large mole- 
cules (such as starch or protein) and small 
molecules (such as glucose or amino acids) 
in solution may be separated by selective 
diffusion through a semipermeable mem- 
brane. For example, if a mixed solution of 
starch and glucose is placed in a closed 
container made of a semipermeable sub- 
stance (such as Cellophane), which is then 
immersed in a beaker of water, the smaller 
glucose molecules will pass through the 
membrane into the water while the starch 
molecules remain bchind. The cell mem- 
branes of living organisms are semipermea- 
ble, and dialysis takes place naturally in the 
kidneys for the excretion of nitrogenous 
waste. An artificial kidney (dialyser) utilizes 
the principle of dialysis by taking over the 
functians of diseased kidneys. 


diapause A period of suspended develop- 
ment or growth occurring in some insects 
during which metabolism is greatly de- 
creased. It is often triggered by seasonal 
changes and regulated by an inborn rhythm 
and enables the insect to survive unfavour- 
able environmental conditions so that its 


DIAPHRAGM 


offspring may be produced in more favour- 
able ones. 


diaphragm The muscular membrane that 
divides the thorax (chest) from the abdomen 
in mammals. It plays an essential role in 
breathing (see respiratory movement), being 
depressed during inhalation and raised dur- 
ing exhalation. 


diaphysis The shaft of a limb bone, which 
in immature animals is separated from the 
ends of the bone (see epiphysis) by carti- 
lage. 


diastase See amylase. 


diastole The phase of a heart beat that oc- 
curs between two contractions of the heart, 
during which the heart muscles relax and 
the ventricles fill with blood. Compare systo- 
le. See blood pressure. 


diatoms See Bacillariophyta. 
dichasium See cymose inflorescence, 


2,4-dichlorophenoxyacetic acid See 24 
D. 


dichogamy The condition in which the 
male and female reproductive organs of a 
flower mature at different times, thereby en- 
suring that self-fertilization does not occur. 
Compare homogamy. See also protandry; 
protogyny. 


dichotomous Describing the type of 
branching in plants that results when the 
growing point (apical bud) divides into two 
equal growing points, which in turn divide 
in a similar manner after a period of 
growth, and so on. Dichotomous branching 
is common is ferns and mosses. 


Dicotyledonae One of the two classes or 
subclasses of plants within the *Angios- 


permae, distinguished by having two seed 
leaves (*cotyledons) within the seed. The di- 
cotyledons usually have leaf veins in the 
form of a net, a ring of vascular bundles in 
the stem, and flower parts in fours or fives 
or multiples of these. Dicotyledons include 
many food plants (e.g. potatoes, peas, 
beans), ornamentals (e.g. roses, ivies, honey- 
suckles), and hardwood trees (e.g oaks, 
limes, beeches). Compare Monocotyledonac. 


Dictyoptera An order of insects comprising 
the cockroaches (suborder Blattaria) and the 
mantids (suborder Mantodea), occurring 
mainly in tropical regions. Cockroaches are 
oval and flattened in shape; some have a 
single well-developed pair of wings, folded 
back over the abdomen at rest, while in 
others the wings may be reduced or absent. 
They are usually found in forest litter, feed- 
ing on dead organic matter, but some spe 
cies, eg. the American cockroach (Per- 
iplaneta americana) are major household 
Pests, scavenging on starchy foods, fruits, 
etc. In most species the females produce 
capsules (oothecae) containing 16-40 eggs- 
‘These are either deposited or carried by the 
female during incubation. 


differentiation The changes from simple to 
more complex forms undergone by develop- 
ing tissues and organs so that they become 
specialized for particular functions. Differen- 
tiation occurs during embryonic develop- 
ment, *regencration, and (in plants) meriste- 
matic activity (see meristem). 


digestion The breakdown by a living Of- 
ganism of ingested food material into chem- 
ically simpler forms that can be readily ab- 
sorbed and assimilated by the body. This 
Process requires the action of digestive €n- 
zymes and may take place extracellularly 
(Le. in the *alimentary canal), as is the case 
in most animals; or intracellularly (c.g. bY 
engulfing phagocytic cells), as occurs in 
protozoans and coelenterates. 


digit A finger or toe. In the basic limb 
Structure of terrestrial vertebrates there are 
five digits (see pentadactyl limb). This 
number is retained in man and other pri- 
mates, but in some other species the 
number of digits is reduced. Frogs, for ex- 
ample, have four fingers and five toes, and 
in ungulate‘ (hooved) mammals, the digits 
are reduced and their tips are enclosed in 
horn, forming hooves. 


digitigrade Describing the gait of most 
fast-running animals, such as dogs and cats, 
in which only the toes are on the ground 
and the rest of the foot is raised off the 
ground. Compare plantigrade; unguligrade. 


dilation See vasodilation. 


dimethylbenzenes (xylenes) Three com- 
Pounds with the formula (CH); C, H4, cach 
having two methyl groups substituted on the 
benzene ring. 1,2-dimethylbenzene is o-xy- 
lene, etc. A mixture of the isomers is ob- 
tained from petroleum and is used as a 
Clearing agent in preparing specimens for 
Optical microscopy. 


dimorphism The existence of two distinctly 
different types of individual within a spe- 
cies. An obvious example is sexual dimor- 
Phism in certain animals, in which the two 
Sexes differ in colouring, size, etc. Dimor- 
Phism also occurs in some lower plants, 
Such as mosses and ferns, that show an *al- 
ternation of generations. 


dinosaur An extinct terrestrial reptile be- 
longing to a group that constituted the 
dominant land animals of the Jurassic and 
Cretaceous periods, 190-65 million years 
ABO. There were two orders. The Ornithis- 
Chia were typically quadrupedal herbivores, 
many with heavily armoured bodies, and in- 
cluded Stegosaurus, Triceratops, and Iguano- 
don. They were all characterized by birdlike 
Pelvic girdles. The Saurischia included many 
ipedal carnivorous forms, such as Tyranno- 
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saurus (the largest known carnivore), and 
some quadrupedal herbivorous forms, such 
as Apatosaurus (Brontosaurus) and Diplodo- 
cus. They all had lizard-like pelvic girdles. 
Many of the herbivorous dinosaurs were 
amphibious or semiaquatic. 


dioecious Describing plant species that 
have male and female flowers on separate 
plants. Examples of dioecious plants are 
willows. Compare monoccious. 


diphyodont Describing a type of dentition 
that is characterized by two successive sets 
of teeth: the “deciduous (milk) teeth, which 
are followed by the “permanent (adult) 
tecth. Mammals have a diphyodont denti- 
tion. Compare monophyodont; polyphy- 
odont. 


diploblastic Describing an animal with a 
body wall composed only of two layers, *ec- 
toderm and ‘endoderm, sometimes with a 
noncellular *mesoglea between them. The 
Coelenterata are diploblastic; all other 
Metazoa are *triploblastic. 


diploid Describing a nucleus, cell, or organ- 
ism with twice the *haploid number of 
chromosomes characteristic of the species. 
The diploid number is designated as 2n. 
Two sets of chromosomes are present, one 
set being derived from the female parent 
and the other from the male. In animals, all 
the cells except the reproductive cells are 
diploid. 


diplotene The period in the first prophase 
of *meiosis when paired *homologous chro- 
mosomes begin to move apart. They remain 
attached at a number of points (see chias- 
ma). 


Dipnoi A subclass of bony fishes that con- 
tains the lungfishes, which have lungs and 
breathe air. They are found in Africa, Aus- 
tralia, and South America, where they live 
in freshwater lakes and marshes that tend to 
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become stagnant or even dry up in summer. 
They survive in these conditions by burrow- 
ing into the mud, leaving a small hole for 
breathing air, and entering a state of *aesti- 
vation, in which they can remain for six 
months or more. The Dipnoi date from the 
Devonian era (395-345 million years ago) 
and share many features with the modern 
*Amphibia. 


Diptera An order of insects comprising the 
true, or two-winged, flies. Flies possess only 
one pair of wings — the forewings; the 
hindwings are modified to form small club- 
like halteres that function as balancing or- 
gans. Typically fluid feeders, flies have 
mouthparts adapted for piercing and suck- 
ing or for lapping; the diet includes nectar, 
sap, decaying organic matter, and blood. 
Some species prey on insects; others are 
parasitic. Dipteran larvae (maggots) are typi- 
cally wormlike with an inconspicuous head. 
They undergo metamorphosis „via a pupal 
Stage to the adult form. Many flies or their 
larvae are serious Pests, either by feeding on 
crops (e.g. fruit flies) or as vectors of dis- 
ease organisms (eg. the house fly (Musca 
domestica) and certain mosquitoes). 


disaccharide A sugar consisting of two 
linked *monosaccharide molecules. For ex- 
ample, sucrose comprises one glucose mole- 
cule and one fructose molecule bonded to- 
gether. 


discontinuous variation (qualitative vari- 
ation) Clearly defined differences in a char- 
acteristic that can be observed in a popula- 
tion. Characteristics that are determined by 
different “alleles at a single locus show dis- 
continuous variation, e.g. garden peas are 
either wrinkled or smooth. Compare contin- 
uous variation. 


disinfectant Any substance that kills or in- 
hibits the growth of disease-producing mi- 
croorganisms and is in general toxic to 
human. tissues. Disinfectants include cresol, 
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bleaching powder, and pliénol They are 
used to cleanse surgical apparatus, sick- 
rooms, and household drains and if suffi- 
ciently diluted can be used as *antiseptics. 


displacement activity An activity shown 
by an animal that appears to be irrelevant 
to its situation. Displacement activities are 
frequently observed when there is conflict 
between opposing tendencies. For example, 
birds in aggressive situations, in which there 
are simultaneous tendencies to attack and to 
flee, may preen their feathers as a displace- 
ment activity. 


display behaviour Stereotyped movement 
or posture that serves to influence the beha- 
viour of another animal. Many displays in 
“courtship and aggression are ERRAT 
and characteristic of the species; deg 
markings or parts of the body may E 
prominently exhibited (for example, ! 
male peacock spreads its tail in court 
Other displays are cryptic and make it har 
er for a predator to recognize the ea 
animal as potential prey. For example, oe 
ometer moth caterpillars, which look li 
twigs, hold themselves on plant stems Wi 
one end sticking into the air. 


distal Describing the part of an organ. bri 
is farthest from the organ's point of atta a 
ment to the rest of the body. For examP' H 
hands and feet are at the distal ends zm 
arms and legs, respectively. Compare pro” 
mal. 


diurnal Daily; denoting an event that bap- 
pens once every 24 houis. 


diurnal rhythm See circadian rhythm- 


divergent evolution See adaptive radia- 
tion. = 

diverticulum A saclike or tubular out- 
growth from a tubular or hollow int 
organ Diverticula may occur as 


structures (e.g. the *caecum and *appendix 
in the alimentary canal) or abnormally, 
from a weakened area of the organ. 


division A category used in the *classifica- 
tion of plants that consists of one or several 
similar classes. Division names end in 
-phyta. Examples are the Bryophyta (mosses 
and liverworts) and the Tracheophyta (vas- 
cular plants). The divisions are grouped in 
the kingdom Plantae, In animal classifica- 
tion, the term *phylum is substituted for di- 
vision, 


dizygotic twins See fraternal twins, 


nucleotide 


L4 nm 


Double helical structure of DNA 


DNA 


dl-form See optical activity. 


DNA (deoxyribonucleic acid) The genet- 
ic material of most living organisms, which 
is a major constituent of the "chromosomes 
within the cell nucleus and plays a central 
role in the determination of hereditary char- 
acteristics by controlling *protein synthesis 
in cells (see also genetic code). DNA is a 
nucleic acid composed of two chains of 
*nucleotides in which the sugar is deoxy- 
ribose and the bases are “adenine, 


*cytosine, *guanine, and *thymine (compare 


Detail of molecular structure of sugar-phosphate backbone. 
Each deoxyribose unit is attached to a phosphate group 
and a base, forming a nucleotide 


hydrogen bond 
thymine adenine 
m | H A 
CH, osH-N MN 


N. sugar- 
phosphate 
backbone 


cytosine (C) guanine (G) 


The four bases of DNA, showing the 


Molecular structure of DNA hydrogen bonding between base pairs 
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RNA). The two chains are wound round 
each other and linked together by hydrogen 
bonds between specific complementary bases 
(see base pairing) to form a spiral ladder- 
shaped molecule (double helix). 

When the cell divides, its DNA also repli- 
cates in such a way that each of the two 
daughter molecules is identical to the parent 
molecule. The hydrogen bonds between the 
complementary bases on the two strands of 
the parent molecule break and the strands 
unwind. Using as building bricks nucleo- 
tides present in the nucleus, each strand di- 
fects the synthesis of a new one comple- 
mentary to itself. Replication is initiated, 
controlled, and stopped by means of 
polymerase enzymes. 


DNA hybridization A method of deter- 
mining the similarity of DNA from different 
sources. Single strands of DNA from two 
sources, e.g. different bacterial species, are 
put together and the extent to which double 
hybrid strands are formed is estimated. The 
greater the tendency to form these hybrid 
molecules, the greater the extent of comple- 
mentary base sequences, i.e. gene similarity. 
The method is one way of determining the 
genetic relationships of Species. 


dodecanoic acid See lauric acid. 
dominance hierarchy See dominant. 


dominant 1. (in genetics) Describing the 
*allele that functions when two different al- 
leles of a gene are present in the cells of an 
organism. For example, the height of garden 
peas is controlled by two alleles, ‘tall’ (T) 
and ‘dwarf’ (t). When both are present (Tt), 
ie. when the cells are *heterozygous, the 
plant is tall since T is dominant and t is 
*recessive. See also incomplete dominance. 
2. (in ecology) Describing the most conspic- 
uously abundant and characteristic species 
in a *community. The term is usually used 
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of a plant species in plant ecology; for €x- 
ample, pine trees in a pine forest. 3. (in 
animal behaviour) Describing an animal 
that is allowed priority in access to food, 
mates, etc., by others of its species because 
of its success in previous aggressive €n- 
counters. Less dominant animals frequently 
show ‘appeasement behaviour towards a 
more dominant individual, so overt *aggres 
sion is minimized. In a stable group there 
may be a linear dominance hierarchy or peck 
order (so called because it was first observed 
in domestic fowl) with each animal being 
subservient to those above it in the hierar- 
chy and taking precedence over those below 
it. 


donor An individual whose tissues or Of 
gans -are transferred to another (the recipi- 
ent). Donors may provide blood for transfu- 
sion or a kidney or heart for 
transplantation. 


dopa (dihydroxyphenylalanine) A deriva- 
tive of the amino acid tyrosine. It is found 
in particularly .high levels in the adrenal 
glands and is a precursor in the synthesis of 
"dopamine, *noradrenaline, and *adrenaline- 
The laevorotatory form, L-dopa, is adminis- 
tered in the treatment of Parkinson’s dis- 
ease, in which brain levels of dopamine are 
reduced. 


dopamine A *catecholamine that is a pre- 
cursor in the synthesis of *noradrenaline 
and *adrenaline, It is also believed to func 
tion as a neurotransmitter in the brain. 


dormancy An inactive period in the life of 
an animal or plant during which growth 
slows or completely ceases. Physiological 
changes associated with dormancy help the 
organism survive adverse environmental con- 
ditions. Annual plants survive the winter 2S 
dormant seeds while many perennial plants 


survive as dormant tubers, rhizomes, or 
bulbs. *Hibernation and *aestivation in ani- 
mals help them survive extremes of cold 
and heat, respectively. 


dorsal Describing the surface of a plant or 
animal that is farthest from the ground or 
Other support, ie. the upper surface. In 
vertebrates, the dorsal surface is that down 
which the backbone runs. Thus in upright 
(bipedal) mammals, such as man and kanga- 
Toos, it is the backward-directed (*posterior) 
surface. Compare ventral. 


dose A measure of the extent to which 
Matter has been exposed to *ionizing radia- 
Hon. The absorbed dose is the energy per 
unit mass absorbed by matter-as a result of 
such exposure. The SI unit is the gray, al- 
though it is often measured in rads (1 rad 
= 0.01 gray; see radiation units). The maxi- 
mum permissible dose is the recommended 
upper limit of absorbed dose that a person 
Or organ should receive in a specified period 
according to the International Commission 
on Radiological Protection. 


double helix See DNA. 


double recessive An organism with two 
eas alleles for a particular characteris- 
c. 


down feathers (plumules) Small soft 
feathers that cover and insulate the whole 
body of a bird. In nestlings they are the 
only feathers; in adults they lie between and 
beneath the *contour feathers. Down feath- 
ers have a fluffy appearance as their *barbs 
a not joined together to form a smooth 
|I. 


Dovn's Syndrome (mongolism) A con- 
genital form of mental retardation due to a 
Chromosome defect in which there are three 
Copies of chromosorne no. 21 instead of the 
Usual two. The affected individual has a 
Short broad face and slanted eyes (as in the 
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Mongolian races), short fingers, and weak 
muscles. Down’s syndrome can be detected 
before birth by *amniocentesis. It is named 
after the British physician John Down 
(1828-96), who first studied the incidence 
of the disorder. 


dragonflies See Odonata. 


drupe (pyrenocarp) A fleshy fruit that de- 
velops from either one or several fused car- 
pels and contains one or many seeds. The 
seeds are enclosed by the hard protective 
endocarp (see pericarp) of the fruit. Thus 
the stone of a peach is the endocarp con- 
taining the seed. Plums, cherries, coconuts, 
and almonds are other examples of one- 
seeded drupes; holly and elder fruits: are cx- 
amples of many-seeded drupes. See also 
etaerio. 


Dryopithecus A genus of extinct apes, fos- 
sils of which have been found in India and 
dated as 30—40 million years old. Fossils of 
Dryopithecus and of the similar genus Pro- 
consul are often referred to as dryopithecines. 
Dryopithecines are believed to be either the 
ancestors of the fossil hominids or ancestral 
to both the human and ape lines. 


ductless gland See endocrine gland. 


duodenum The first section of the *small 
intestine of vertebrates. It is the site where ' 
food from the stomach is subjected to the 
action of bile (from the bile duct) and pan- 
creatic enzymes (from the pancreatic duct) 
as well as the enzymes secreted by digestive 
glands in the duodenum itself (see succus 
entericus), which are required in the break- 
down of proteins, carbohydrates, and fats. 
By neutralizing the acidic secretions of the 
stomach, the duodenum provides an alkaline 
environment necessary for the action of the 
intestinal enzymes. 


dura mater The outermost and toughest of 
the three membranes (*meninges) that sur- 
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round the central nervous system in — that lie in the mammalian *middle ear, 
vertebrates. It lies adjacent to the skull and — forming a bridge between the tympanum 
its purpose is to protect the delicate inner (eardrum) and the fenestra ovalis. The func- 
meninges (the ‘arachnoid membrane and tion of the ossicles is to transmit (and am- 
the *pia mater). plify) vibrations of the tympanum across she 
middle ear to the fenestra ovalis, which 
transfers them to the *inner ear. Muscles of 
the middle ear constrict the movement of 


duramen See heartwood. 


the ossicles. This serves to safeguard the ear 
E from damage caused by excessively loud 
noise. 


^ x earwigs See Dermaptera. 
ear The sense organ in vertebrates that is 


specialized for the detection of sound and : " iodi f 
dE Slt talis Tas be divid-  €cdysis (moulting) 1. The periodic p. 
ed into the *outer ear and *middle ear,  'he outer cuticle of arthropods. It s in 
which collect and transmit sound waves, With the reabsorption of some materials i; 
and the ‘inner ear, which contains the or- the inner part of the old cuticle and me en 
gans of balance and (except in fish) hearing. mation of a new soft cuticle. The remains o! 
The term ear is often used for the *pinna of the old cuticle then split; the animal 
the mammalian outer ear. emerges and absorbs water or swallows aif 
and increases in size while the new cuticle i5 
still soft. This cuticle is then hardened with 
chitin and lime salts. In insects and crus- 
ear ossicles Three small bones — the incus — taceans ecdysis is controlled by the hormone 
(anvil, malleus (hammer), and stapes (stirrup) — *ecdysone. 2. The periodic shedding of the 


semicircular 
canals 


eardrum See tympanum. 


utriculus 


ear ossicles 


pinna 


petn 
malleus stapes 
(hammer) (stirrup) 


incus 


perilymph 
ampulla 


auditory nerve 
sacculus 
fenestra ovalis 
nerve fibre 


cochlea 
auditory meatus endolymph 


é Eustachian tube 
rotunda 


[i 
[i 
outer ear {middle ear} inner ear 


Structure of the mammalian ear 
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outer layer of the epidermis of reptiles (ex- 
cept crocodiles) to allow growth to occur. 


ecdysone A steroid hormone, produced by 
D and crustaceans, that stimulates 
pening (see ecdysis) and metamorphosis. 
t acts on specific gene loci, stimulating the 
synthesis of proteins involved in these bodi- 
ly changes. 


ECG See electrocardiogram. 


eevee A phylum of marine in- 
rates that includes the sea urchins, 
uh brittlestars, and sea cucumbers. 
Soa have an exoskeleton (test) of 
rae: Plates embedded in the skin. In 
ud e. (eg. sea urchins) spines pro- 
oan rom the test. A system of water-filled 
HER (the water vascular system) provides 
ydraulic power for thousands of tube feet: 
Bug protrusions of the body wall used 
ee feeding, and respiration. 

hinoderms have a long history: fossils of 
ane echinoderms are known from 

500 million years old. 


en A method used by some ani- 
birds (such as bats, dolphins, and certain 

fds) to detect objects in the dark. The 
ura emits a series of high-pitched sounds 
ii echo back from the object and are de- 

ed by the ear or some other sensory re- 
ee the direction of the echo and 
Ta It time between emission and recep- 
is Of the sounds the object is located, of- 

Very accurately. 


ecological niche The status or role of an 

Hirn in its environment. An organism's 

s 3 defined by the types of food it con- 

Kum its predators, temperature tolerances, 

the, WO species cannot coexist stably if 
y occupy identical niches. 


toe The study of the interrelationships 
en organisms and their natural envi- 
Tonment, both living and nonliving. For this 
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purpose, ecologists study organisms in the 
context of the “populations and *communi- 
ties in which they can be grouped and the 
*ecosystems of which they form a’ part. The 
study of ecological interactions provides im- 
portant information on the nature and 
mechanisms of evolutionary change. Ad- 
vances made in ecology over the last 25 
years have led to increased concern about 
the effects of man’s activities on the envi- 
ronment (notably the effects of *pollution), 
which has resulted in a greater awareness of 
the importance of *conservation. 


ecosystem A biological *community and 
the physical environment associated with it. 
Nutrients pass between the different organ- 
isms in an ecosystem in definite pathways; 
for example, nutrients in the soil are taken 
up by plants, which are then eaten by her- 
bivores, which in turn may be eaten by car- 
nivores (see food chain). Organisms are clas- 
sified on the basis of their position in an 
ecosystem into various *trophic levels. Nu- 
trients and energy move round ecosystems 
in loops or cycles (in the case above, for 
example, nuirients are returned to the soil 
via animal wastes and decomposition). See 
carbon cycle; nitrogen cycle. 


ectoderm The external layer of cells of the 
*gastrula, which will develop into the skin 
epidermis and the nervous system in the 
adult. See also germ layers. 


ectoparasite A parasite that lives on the 
outside of its host's body. See parasitism. 


ectoplasm See cytoplasm. 


edaphic factor A factor relating to the 
physical or chemical composition of the soil 
found in a particular area. For example, 
very alkaline soil may be an edaphic factor 
limiting the variety of plants growing in a 
region. 


EDTA Ethylenediaminetetracetic acid, 


EEG 


(HOOCCH, ), N(CH, ), N(CH, COOH), 
A compound that acts as a chelating agent, 
reversibly binding with iron, magnesium, 
and other metal ions. It is used in certain 
culture media bound with iron, which it 
slowly releases into the medium. 


EEG See electroencephalogram. 


effector A cell or organ that produces a 
physiological response when stimulated by a 
nerve impulse. Examples include muscles 
and glands. 


efferent Carrying (nerve impulses, blood, 
etc.) away from the centre of a body or or- 
Ban towards peripheral regions. The term is 
usually applied to types of nerve fibres or 
blood vessels, Compare afferent. 


effusion The flow of a Bas through a small 
aperture, The relative rates at which gases 
effuse, under the same conditions, is ap- 
proximately inversely proportional to the 
Square roots of their densities, 


membrane is called 
in insects, molluscs, 
birds, and amphibians, the chorion in tuni- 
cates and fish, and the zona Pellucida in 
mammals. Insects have a second thicker 
membrane, also called the Chorion. Second. 
ary membranes are secreted by the oviducts 
and parts of the genital System while the 
egg is passing to the outside. Thcy include 
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the jelly coat of frogs' eggs and the albumen 
and shell of birds’ eggs. 


Elasmobranchii (Chondrichthyes) A class 
of vertebrates comprising the fishes with 
cartilaginous skeletons. The majority belong 
to the order Selachi (skates, rays, and 
sharks). Most cartilaginous fishes are marine 
camivores with powerful jaws. Unlike bony 
fishes, they have’ no swim bladder, and 
therefore avoid sinking only by constant 
swimming with the aid of an asymmetrical 
(heterocercal) tail. There is no operculum 
covering the gill slits, the first of which is 
modified as a *spiracle, Fertilization is in- 
ternal so the few eggs produced are conse- 
quently yolky, large, and well-protected. 
Some elasmobranchs show viviparous devel- 
opment of the young (see viviparity). 


electric organ An organ occurring on the 
body or tail of certain fish, such as the elec- 
tric ray (Torpedo) and electric eel (Electroph- 
orus electricus). It gives an electric shock 
when touched and is used either to stun 
prey or predators or, in some species, to 
maintain a weak electric field in the a 
rounding water that is used in navigation. 
The organ is composed of modified muscle 
cells (electroplate cells), nervous stimulation 
of which greatly increases the potential dif- 
ference across the cell, The electroplates are 
in series so a high overall voltage can be 
achieved. 


electrocardiogram (ECG) A tracing or 
graph of the electrical activity of the heart- 
Recordings are made from electrodes fas- 
tened over the heart and usually on both 
arms and a leg. Changes in the normal pat- 
tem of an ECG may indicate heart irregu- 
larities or disease. 


electroencephalogram (EEG) A tracing 
or graph of the electrical activity of the 
brain. Electrodes taped to the scalp record 
electrical waves from different parts of the 
brain. The pattern of an EEG reflects an 


individual's level of consciousness and can 
be used to detect such disorders as epilepsy, 
tumours, or brain damage. See also brain 
death. 


source of electrons 


condenser lens 
object 


objective lens 


intermediate image 


projector lens 


final image 


Principle of transmission 
electron microscope 


electron microscope A form of micro- 
Scope that uses a beam of clectrons instead 
of a beam of light (as in the optical micro- 
Scope) to form a large image of a very small 
Object, such as a cell organelle, a virus, or a 
DNA molecule. In optical microscopes the 
resolution is limited by the wavelength of 
the light. High-energy electrons, however, 
Can be associated with a considerably short- 
er wavelength than light; for example, elec- 
trons accelerated to an energy of 10? elec- 
‘ronvolts have a wavelength of 0.04 
nanometre, enabling a resolution of 0.2-0.5 
nm to be achieved. The transmission electron 
microscope has an electron beam, sharply fo- 
cused by electron lenses (coils producing a 
Magnetic field or electrodes between which 
an electric field is created), passing through 
A very thin metallized specimen (less than 
50 nanometres thick) onto a fluorescent 
Screen, where a visual image is formed. This 
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image can be photographed. The scanning 
electron microscope can be used with thicker 
specimens and forms a perspective image, 
although the resolution and magnification 
are lower. It is used particularly for examin- 
ing surface features of small objects, such as 
pollen grains. In this type of instrument a 
beam of primary electrons scans the speci- 
men and those that are reflected, together 
with any secondary electrons cmitted, arc 
collected. This current is used to modulate a 
separate electron beam in a TV monitor, 
which scans the screen at the same frequen- 
cy, consequently building up a picture of 
the specimen. The resolution is limited to 
about 10-20 nm. See also field-emission mi- 
croscope; field-ionization microscope. 


electron transport chain (respiratory 
chain) A sequence of biochemical reduc- 
tion-oxidation reactions that forms the fi- 
nal stage of *aerobic respiration. It results 
in the transfer of electrons or hydrogen at- 
oms derived from the *Krebs cycle to mo- 
lecular oxygen, with the formation of water. 
At the same time it conserves energy from 
food or light in the form of *ATP. The 
chain comprises a series of electron carriers 
that undergo reversible reduction— oxidation 
reactions, accepting electrons and then do- 
nating them to the next carrier in the chain. 
In the mitochondria, NADH and FADH;, 
generated by the Krebs cycle, transfer their 
electrons to a chain comprising flavin 
mononucleotide (FMN), *coenzyme Q, and 
a series of *cytochromes. This process is 
coupled to the formation of ATP at three 
sites along the chain (see oxidative phospho- 
rylation). The ATP is then carried across 
the mitochondrial membrane in exchange 
for ADP. An electron transport chain also 
occurs in the light reaction of *photosynthe- 
sis. 


electrophoresis (cataphoresis) A tech- 
nique for the analysis and separation of col- 
loids, based on the movement of charged 
colloidal particles in an electric field. There 
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are various experimental methods. In one 
the sample is placed in a U-tube and a 
buffer solution added to each arm, so that 
there are sharp boundaries between buffer 
and sample. An electrode is placed in each 
arm, a voltage applied, and the motion of 
the boundaries under the influence of the 
field is observed. The rate of migration of 
the particles depends on the field, the 
charge on the particles, and on other fac- 
tors, such as the size and shape of the parti- 
cles. More simply, electrophoresis can be 
carried out using an adsorbent, such as a 
strip of filter paper, soaked in a buffer with 
two electrodes making contact. The sample 
is placed between the electrodes and a volt- 
age applied. Different components of the 
mixture migrate at different rates, so the 
Sample separates into zones. The compo- 
nents can be identified by the rate at which 
they move. This iechnique has also been 
called electrochromatography. 

Electrophoresis is used extensively in 
studying mixtures of Proteins, nucleic acids, 
carbohydrates, enzymes, etc. In clinical med- 
icine it is used for determining the Protein 
content of body fluids. 


elytra The thickened horny forewings of 
the *Coleoptera (beetlés), which cover and 
Protect the membranous hind wings when 
the insect is at rest. 


emasculation The removal of the anthers 
of a flower in order to prevent self-pollina- 
tion or the undesirable Pollination of 
neighbouring plants. 


Embden- Meyerhof pathway See glycoly- 


sis. 


embryo 1. An animal in the earliest stages 
of its development, from the time when the 
fertilized ovum starts to divide (see cleav- 
age), while it is contained within the egg or 
Teproductive organs of the mother, until 
hatching or birth. A human embryo is 
called a *fetus after the first eight weeks of 


80 


Pregnancy. 2. The structure in bryophytes, 
pteridophytes, and seed plants that develops 
from the zygote prior to germination. In 
seed plants the zygote is situated in the 
“embryo sac of the ovule. It divides by mi- 
tosis to form the embryonic cell and a 
structure called the suspensor, which embeds 
the embryo in the surrounding nutritive tis- 
sue. The embryonic cell divides ‘continuously 
and eventually gives rise to the *radicle 
(young root), *plumule (young shoot), and 
one or two ‘cotyledons (seed leaves). 
Changes also take place in the surrounding 
tissues of the ovule, which becomes the 
*seed enclosing the embryo plant. 


embryology The study of the development 
of animals from the fertilized egg to the 
new adult organism. It is sometimes limited 
to the period between fertilization of the 
egg and hatching or birth (see embryo). 


embryo sac A large cell that develops in 
the *ovule of flowering plants. It is equiva- 
lent to the female *gametophyte of lower 
Plants, although it-is very much reduced. 
Typically, it contains eight nuclei formed by 
division of the original female gamete. One, 
the *oosphere (egg nucleus), is fertilized by 
a male nucleus and becomes the *embryo. 
Two of the remaining nuclei fuse with a 
second male nucleus to form a triploid nu- 
cleus that gives rise to the “endosperm. 


emulsion A ‘colloid in which small parti- 
cles of one liquid are dispersed in another 
liquid. Usually emulsions involve a disper- 
sion of water in an oil or a dispersion of oil 
in water, and are stabilized by an emulsifier. 

ly emulsifiers are substances, such 
as “detergents, that have lyophobic and lyo- 
Philic parts in their-molecules. 


enamel The material that forms a covering 
over the crown of a *tooth (ie. the part 
that projects above the gum). Enamel is 
smooth, white, and extremely hard, being 
rich in minerals containing calcium. It is 


fallopian tube 


yolk sac 


ENDODERMIS 


uterus wall 


placenta 


blood vessel 


umbilical cord 


amnion 


embryo 


chorion 


‘amniotic fluid 


vagina 
A developing human embryo 


Produced by certain cells (ameloblasts) of 
the oral epithelium and protects the under- 
lying dentine of the tooth. Enamel may also 
be found in the placoid *scales of certain 
fish, which demonstrates the common devel- 
opmental origin of scales and teeth. 


encephalin (enkephalin) A peptide 
“neurotransmitter found principally in the 
brain. Two encephalins have so far been 
isolated. They bind to opiate receptors in 
the brain and their release is thought to 
control levels of pain and other sensations. 
Encephalins have also been found in spinal 
Cord nerve cells and in gut epithelial cells. 
Compare endorphin. 


endocarp See pericarp. 
endocrine gland (ductless gland) Any 


gland in an animal that manufactures *hor- 
Mones and secretes them directly ‘into the 
bloodstream to act at distant sites in the 
body (known as target organs or cells). En- 
docrine glands tend to control slow long- 
term activities in the body, such as growth 
and sexual development. In mammals they 
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include the “pituitary, *adrenal, *thyroid, 
and “parathyroid glands, the “ovary and 
testis, the *placenta, and part of the pan- 
creas (see islets of Langerhans). The activity 
of endocrine glands is controlled by nega- 
tive feedback, ie. a rise in output of hor- 
mone inhibits a further increase in its pro- 
duction, either directly or indirectly via the 
target organ or cell. See also neuroendocrine 
system. Compare exocrine gland. 


endocrinology The study of the structure 
and functions of the *endocrine glands and 
of the *hormones they produce. 


endoderm (entoderm) The internal layer 
of cells of the *gastrula, which will develop 
into the alimentary canal (gut) and digestive 
glands of the adult. See also germ layers. 


endodermis The innermost layer of the 
root *cortex of a plant, lying immediately 
outside the vascular tissue. Various modifi- 
cations of the endodermal cell walls indicate 
that they regulate the passage of materials 
both into and out of the vascular system. 


ENDOGAMY 


An endodermis may also be seen in the 
stems of some plants. 


endogamy The fusion of reproductive cells 
from closely related parents, ie. *inbreed- 
ing. Compare exogamy. 


endogenous Describing a substance, stimu- 
lus, organ, etc., that originates from within 
an organism. For example, growth rhythms 
not directed by environmental stimuli are 
termed endogenous rhythms. Lateral roots, 
which always grow from inside the main 
root rather than from its surface, are said to 
arise endogenously. Compare exogenous. 


endolymph The fluid that fills the membra- 
nous labyrinth of the vertebrate *inner ear. 
See cochlea; semicircular canals. Compare 
perilymph. 


endoparasite A parasite that lives inside its 
host’s body. See parasitism. 


endoplasm See cytoplasm. 


endoplasmic reticulum (ER) A system of 
membranes within the cytoplasm of plant 
and animal *cells. It forms a link between 
the cell and nuclear membranes and is the 
site of protein synthesis. It is also concerned 
with the transport of proteins and lipids 
within the cell. Rough ER has *ribosomes 
attached to its surface; in smooth ER ribo- 
somes are absent. 


end organ The structure at the end of a 
peripheral nerve. Examples of end organs 
are the muscle *end plate at the end of a 
motor neurone and the ‘receptor at the end 
of a sensory neurone. 


endorphin A peptide neurotransmitter 
found in the pituitary gland and hypothala- 
mus that has pain-relieving properties simi- 
lar to the *encephalins. 


endoskeleton A supporting framework that 
lies entirely within the body of an animal, 
such as the bony *skeleton of vertebrates or 
the spicules of a sponge. The function of an 
endoskeleton is to support the body and in 
vertebrates it also protects the organs and 
provides a system of levers on which the 
muscles can act to produce movement. 
Compare exoskeleton. 


endosperm A nutritive tissue, characteristic 
of flowering plants, that surrounds the de- 
veloping embryo in a seed. It develops from 
nuclei in the *embryo sac and its cells are 
triploid. In endospermic seeds it remains and 
increases in size; in nonendospermic seeds it 
disappears as the food is absorbed by the 
embryo, particularly the “cotyledons. Many 
plants with endospermic seeds, such as cere- 
als and oil crops, are cultivated for the rich 
food reserves in the endosperm. 


endospore The resting stage of certain bac- 
teria, formed in response to adverse condi- 
tions. The bacterial cell becomes enclosed in 
a tough resistant spore coat. On retum tO 
favourable conditions the spore changes 
back to the normal vegetative form of the 
organism. 


endothelium A single layer of thin plate- 
like cells that line the inner surfaces of 
blood and lymph vessels and the heart. En- 
dothelium is derived from the *mesoderm. 
Compare epithelium; mesothelium. 


endotoxin See toxin. 


end plate The area of muscle cell mem- 
brane that lies immediately beneath a motor 
nerve ending. Release of a *neurotransmitter 
at the end plate induces contraction of the 
muscle fibre. 


enthalpy Symbol H. A thermodynamic 
property of a system defined by H = U + 
pV, where H is the enthalpy, U is the inter- 
nal energy of the system, p its pressure, and 


V its volume. In a chemical reaction carried 
Out in the atmosphere the pressure remains 
constant and the enthalpy of reaction, AH, 
is equal to AU + pAV. For an exothermic 
Teaction AH is taken to be negative. 


entoderm See endoderm. 
entomology The study of insects. 


entomophily Pollination of a flower in 
which the pollen is carried on an insect. En- 
tomophilous flowers are usually brightly col- 
Oured and scented and often secrete nectar. 
In some species (e.g. primulas) there are 
Structural differences between the flowers to 
ensure that cross-pollination occurs. Other 
examples of entomophilous flowers are 
orchids and antirrhinums. Compare ane- 
mophily; hydrophily. 


entropy Symbol S. A measure of the un- 
availability of a system's energy to do work; 
an increase in entrapy is accompanied by a 
decrease in energy availability. When a sys- 
tem undergoes a reversible change the en- 
tropy (S) changes by an amount equal to 
the energy (Q) ‘absorbed by the system di- 
vided by the thermodynamic temperature 
(T) at which the energy is absorbed, i.c. AS 
= AQ/T. However, all real processes are to 
a certain extent irreversible changes and in 
any closed system an irreversible change is 
always accompanied by an increase in en- 
tropy. 

In a wider sense entropy can be inter- 
Preted as a measure of a system's disorder; 
the higher the entropy the greater the disor- 
der. As any real change to a closed system 
tends towards higher entropy, and therefore 
higher disorder, it follows that the entropy 
Of the universe (if it can be considered a 
Closed system) is increasing and its available 
energy is decreasing. This increase in the 
entropy of the universe is one way of stat- 
ing the second law of thermodynamics. 
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EOCENE 


environment (in ecology) The physical, 
chemical, and biological conditions of the 
region in which an organism lives. See also 
ecology; ecosystem. 


enzyme A protein that acts as a *catalyst 
in biochemical reactions. Each enzyme is 
specific to a particular reaction or group of 
similar reactions.’ Many require the associa- 
tion of certain nonprotein *cofactors in or- 
der to function. The molecule undergoing 
reaction (the substrate) binds to a specific 
*active site on the enzyme molecule to form 
a short-lived intermediate: this greatly in- 
creases (by a factor of up to 1029) the rate 
at which the reaction proceeds to form the 
product Enzyme activity is influenced by 
substrate concentration and by temperature 
and pH, which must lie within a certain 
range. Other molecules may compete for the 
active site, causing ‘inhibition of the en- 
zyme or even irreversible destruction of its 
catalytic properties. 

Enzyme production is governed by a cell's 
genes. Enzyme activity is further controlled 
by pH changes, alterations in the concentra- 
tions of essential cofactors, feedback inhibi- 
tion by the products of the reaction, and 
activation by another enzyme, either from a 
less active form or an inactive precursor 
(*zymogen) Such changes may themselves 
be under the control of hormones or the 
nervous system. 

The names of most enzymes end in -ase, 
which is added to the names of the sub- 
strates on which they act. Thus lactase is 
the enzyme that acts to break down lactose. 


Eocene The second geological epoch of the 
"Tertiary period. It extended from the end 
of the Palacocene epoch, about 54 million 
years ago, to the beginning of the Oligocene 
epoch, about 38 million years ago. The term 
was first proposed by Sir Charles Lyell 
(1797-1875) in 1833. In some classifications 
of geological time the *Palacocene is includ- 
ed as part of the Eocene. Mammals were 
dominant in the Eocene: rodents, artiodac- 


EOSIN 


tyls, carnivores, perissodactyls (including 
early horses), and whales were among the 
groups to make their first appearance. 


eosin One of a series of acidic dyes, used 
in optical microscopy, that colours cyto- 
plasm pink and cellulose red. It is frequent- 
ly used as a counterstain with *haematox- 
ylin for colouring tissue smears and sections 
of animal tissue. 


ephemeral 1. (in botany) An *annual plant 
that completes its life cycle in considerably 
less than one growing season. A number of 
generations can therefore occur in one year. 
Many troublesome weeds, such as groundsel 
and willowherb, are ephemerals. Certain 
desert plants are also ephemerals, complet- 
ing their life cycles in a short period follow- 
ing rain. 2. (in zoology) A short-lived 
animal, such as a mayfly. 


epicalyx A ring of bracts below a flower 
that resembles a calyx. It is seen, for exam- 
ple, in the strawberry flower. 


epicarp See pericarp. 


epicotyl The region of a seedling stem 
above the stalks of the seed leaves (*cotyle- 
dons) of an embryo plant. It grows rapidly 
in seeds showing *hypogeal germination and 
lifts the stem above the soil surface. Com- 
pare hypocotyl. 


epidermis 1. (in zoology) The outermost 
layer of cells of the body of an animal. In 
invertebrates the epidermis is normally only 
one cell thick and is covered by an imper- 
meable *cuticle. In vertebrates the epidermis 
is the thinner of the two layers of *skin 
(compare dermis). It consists of a basal layer 
of actively dividing cells (see Malpighian 
layer) covered by layers of cells that be- 
come impregnated with keratin (see kera- 
tinization). The outermost layers of epider- 
mal cells (the “stratum corneum) form a 
water-resistant protective layer. The epider- 


mis may bear a variety of specialized struc- 
tures (eg. "feathers, *hairs). 2. (in botany) 
The outermost layer of cells covering a 
plant It is overlaid by a *cuticle and its 
functions are principally to protect the plant 
from injury and to reduce water loss. Some 
epidermal cells are modified to form guard 
cells (see stoma) or hairs of various types 
(see piliferous layer). In woody plants the 
functions of the shoot epidermis are taken 
over by the periderm tissues (see cork cam- 
bium) and in mature roots the epidermis is 
sloughed off and replaced by the *hypoder- 
mis. 


epididymis A long coiled tube in which 
spermatozoa are stored in vertebrates. In 
reptiles, birds, and mammals it is attached 
at one end to the *testis and opens into the 
sperm duct (*vas deferens) at the other. 


epigamic Serving to attract a mate. 
Epigamic characters include the bright plu- 
mage of some male birds. 


epigeal Describing seed germination 1n 
which the seed leaves (cotyledons) emerge 
from the ground and function as truc 
leaves. Examples of epigeal germination are 
seen in sycamore and sunflower. Compare 
hypogeal. 
` 

epiglottis A flexible flap of cartilage !n 
mammals that is attached to the wall of the 
pharynx near the base of the tongue. Dur- 
ing swallowing (see deglutition) it covers the 
*glottis (the opening to the respiratory 
tract), so preventing food from entering the 
trachea (windpipe). 


epinephrine See adrenaline. 


epiphysis The terminal section of a grow- 
ing bone (especially a long limb bone). It is 
separated from the bone shaft (diaphysis) bY 
cartilage. New bone is produced on the side 
of the cartilage facing the diaphysis, while 
new cartilage is produced on the other side 


of the cartilage disc. When the bone reaches 
adult length the epiphysis merges with the 
diaphysis. 


epiphyte A plant that grows upon another 
plant but is neither parasitic on it nor 
rooted in the ground. Epiphytes include 
many mosses and lichens and some tropical 
orchids, 


epithelium A tissue in vertebrates consist- 
ing of closely packed cells in a sheet with 
little intercellular material. It forms a mem- 
brane over the outer surfaces of the body 
and walls of the internal cavities (coeloms). 
t also forms glands and parts of sense or- 
gans, Its functions are protective, absorptive, 
secretory, and sensory. The types of cell va- 
TY, giving rise to squamous, cuboidal, colum- 
nar, and ciliated epithelia. Epithelium is de- 
rived from *ectoderm and *endoderm. 
Compare endothelium; mesothelium. 


Epstein-Barr virus See herpesvirus. 


erepsin An obsolete name for a mixture of 
Protein-degrading enzymes secreted by the 
Small intestine, 


€rgocalciferol See vitamin D. 


s ponomics The study of the engineering 
Pects of the relationship between workers 
and their working environment. 


Ar Rosterol A ‘sterol occurring in fungi, 
acteria, algae, and higher plants. It is con- 
verted into vitamin D, by the action of 
ultraviolet light. 


rythroblast Any of the cells in the *mye- 
loid tissue of red bone marrow that develop 
"io erythrocytes (red blood cells). Erythro- 
lasts have a nucleus and are at first col- 
Ourless, but fill with *haemoglobin as they 
fee, In mammals the nucleus disap- 
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ESSENTIAL ELEMENT 


erythrocyte (red blood cell) The most 
numerous type of blood cell, which contains 
the fed pigment *haemoglobin and. is re- 
sponsible for oxygen transport. Mammalian 
erythrocytes are disc-shaped and lack a nu- 
cleus; those of other vertebrates are oval 
and nucleated. In man the number of eryth- 
rocytes in the blood varies between 4.5 and 
5.5 million per cubic millimetre. They sur- 
vive for about four months and are then de- 
stroyed in the spleen and liver. See also 
erythroblast. Compare leucocyte. 


essential amino acid An *amino acid that 
an organism is unable to synthesize in suffi- 
cient quantities. It must therefore be present 
in the diet. In man the essential amino 
acids are arginine, histidine, lysine, threo- 
nine, methionine, isoleucine, leucine, valine, 
phenylalanine, and tryptophan. These are 
required for protein synthesis and deficiency 
leads to retarded growth and other symp- 
toms. Most of the amino acids required by 
man are also essential for all other multicel- 
lular animals and for most protozoans. 


essential element Any of a number of ele- 
ments required by living organisms to en- 
sure normal growth, development, and 
maintenance. Apart from the elements 
found in organic compounds (ie. carbon, 
hydrogen, oxygen, and nitrogen), plants, an- 
imals, and microorganisms all require a 
range of elements in inorganic forms in va- 
rying amounts, depending on the type of or- 
ganism. The major elements, present in tis- 
sues in relatively large amounts (greater 
than 0.005%), are calcium, phosphorus, po- 
tassium, sodium, chlorine, sulphur, and 
magnesium. The trace elements occur at 
much lower concentrations and thus require- 
ments are much less. The most important 
are iron, manganese, zinc, copper, iodine, 
cobalt, selenium, molybdenum, chromium, 
and silicon. Each element may fulfil one or 
more of a variety of metabolic roles. Sodi- 
um, potassium, and chloride ions are the 
chief electrolytic components of cells and 


ESSENTIAL FATTY ACIDS 


body fluids and thus determine their electri- 
cal and osmotic status. Calcium, phosphor- 
us, and magnesium are all present in bone. 
Calcium is also essential to nerve and mus- 
cle activity, while phosphorus is a key con- 
stituent of the chemical energy carriers (e.g. 
*ATP) and the nucleic acids. Sulphur is 
needed primarily for amino acid synthesis 
(in plants and microorganisms). The trace 
elements may serve as *cofactors or as con- 
stituents of complex molecules, e.g. iron in 
haem and cobalt in vitamin Bj;. 


essential fatty acids *Fatty acids that 
must normally be present in the diet of cer- 
tain animals, including man. Essential fatty 
acids, which include *linoleic and *linolenic 
acids, all possess double bonds at the same 
two positions along their hydrocarbon chain 
and so can act as precursors of *pros- 
taglandins. Deficiency of essential fatty 
acids can cause dermatosis, weight loss, ir- 
regular oestrus, etc. An adult human re- 
quires 2-10 g linoleic acid or its equivalent 
per day. 


essential oil A natural oil with a distinc- 
tive scent secreted by the glands of certain 
aromatic plants. *Terpenes are the main 
constituents. Essential oils are extracted 
from plants by steam distillation, extraction 
with cold neutral fats or solvents (e.g. alco- 
hol), or pressing and used in perfumes, 
flavourings, and medicine. Examples are cit- 
rus oils, flower oils (e.g. rose, jasmine), and 
oil of cloves. 


etaerio A cluster of fruits formed from the 
unfused carpels of a single flower. For ex- 
ample, the anemone has an etaerio of 
*achenes, larkspur an etaerio of follicles, 
and blackberry an etaerio of *drupes. 
ethanedioic acid See oxalic acid. 


ethene See ethylenc. 


ethology The study of the biology of 
"animal behaviour. Central to the ctholo- 
gist’s approach is the principle that animal 
behaviour (like physical characteristics) is 
subject to evolution through natural selec- 
tion. Ethologists therefore seek to explain 
how the behaviour of an animal in its natu- 
ral environment may contribute to the sur- 
vival of the maximum number of its rela- 
tives and offspring. This involves 
recognizing the stimuli that are important in 
nature (see sign stimulus) and how innate 
predispositions interact with *learning in the 
development of behaviour (see instinct). 
Studies of this sort were pioneered by Kon- 
rad Lorenz (1903- ) and Niko Tinbergen 
a97- ). 


ethylene (ethene) A colourless gaseous hy- 
drocarbon, C,H,, that occurs naturally in 
many plants and acts as a "growth sub- 
stance. Among its effects are the inhibition 
of longitudinal growth and the radial expan- 
sion of tissues, the promotion of fruit ripen- 
ing and (in some species) flowering, and thc 
breaking of seed dormancy in some species. 


etiolation The abnormal form of growth 
Observed when plants grow in darkness OT 
severely reduced light. Such plants charac" 
teristically have blanched leaves and shoots, 
excessively long shoots, and reduced leaves 
and root systems. 


eubacteria The true “bacteria, ic. those 
typically having simple unbranched cells, 
rigid cell walls, and flagella for movement. 


eucaryote See cukaryote. 
euchromatin See chromatin. 


eugenics The study of methods of improv 
ing the quality of human populations by the 
application of genetic principles. Positive 
eugenics would seek to do this by selective 
breeding programmes. Negative eugenics 
aims to eliminate harmful genes (e.g. thos 


causing haemophilia and colour blindness) 
by counselling any prospective parents who 
are likely to be ‘carriers. 


Euglenophyta A division containing *algae 
(including Euglena) that in certain respects 
resemble animals more than they do plants. 
For example, they lack a cell wall and some 
forms are colourless and thus ingest food 
since they cannot photosynthesize. Members 
of the Euglenophyta are unicellular and 
move by means of flagella; they usually in- 
habit fresh water. These algae are often 
classified by zoologists into the class Flagel- 
lata of the *Protozoa. 


eukaryote (eucaryote) An organism con- 
sisting of cells in which the genetic material 
is contained within a distinct nucleus. All 
organisms, except bacteria and blue-green 
algae, are eukaryotes. See cell. Compare pro- 
karyote. 


Eustachian tube The tube that connects 
the *middle ear to the back of the throat 
(pharynx) in vertebrates. It is normally 
closed, but during swallowing it opens to al- 
low air into the middle car, which equalizes 
the pressure on each side of the *tympanum 
(cardrum). It was named after the Italian 
anatomist Bartolomeo Eustachio (21520-74). 


Eutheria (Placentalia) A subclass of 
mammals in which the embryos are retained 
in a uterus in the mother’s body and nour- 
ished by a *placenta. The young are thus 
fully protected during their embryonic de- 
velopment and kept at a constant tempera- 
ture, Placental mammals evolved during the 
Cretaceous period (about 100 million years 
ago). Modern placentals are a highly diverse 
group that occupy all types of habitat in all 
Parts of the world. They include the orders 
“Artiodactyla, *Carnivora, *Cetacea, *Chi- 
roptera, *Insectivora, *Perissodactyla, *Pri- 
mates, *Proboscidea, and *Rodentia. Com- 
Pare Metatheria; Prototheria. 


EVOLUTION 


eutrophic Describing a body of water (e.g. 
a lake) with an abundant supply of nutri- 
ents and a high rate of formation of organic 
matter by photosynthesis. Compare oligotro- 
phic. 


evergreen (Describing) a plant that bears 
leaves throughout the year, each leaf being 
shed independently of the others after two 
or three years. The leaves of evergreens are 
often reduced or adapted in some way to 
prevent excessive water loss; examples are 
the needles of conifers and the leathery 
waxy leaves of holly. Compare deciduous. 


evocation ‘The ability of experimental stim- 
uli (eg. chemicals or tissue implants) to 
cause unspecialized embryonic tissue to de- 
velop into specialized tissue. 


evolution The gradual process by which the 
present diversity of plant and animal life 
arose from the earliest and most primitive. 
organisms, which is believed to have been 
continuing for at least the past 3000 million 
years. Until the middle of the 18th century 
it was generally believed that each species 
was divinely created and fixed in its form 
throughout its existence (see special crea- 
tion). Lamarck was the first biologist to 
publish a theory to explain how one species 
could have evolved into another (see La- 
marckism), but it was not until the publica- 
tion of Darwin's On the Origin of Species in 
1859 that special creation was seriously 
challenged. Unlike Lamarck, Darwin pro- 
posed a feasible mechanism for evolution 
and backed it up with evidence from the 
fossil record and studies of comparative 
anatomy and embryology (see Darwinism; 
natural selection). The modern version of 
Darwinism, which incorporates discoveries 
in genetics made since Darwin's time, prob- 
ably remains the most acceptable theory of 

ies evolution. More controversial, how- 
ever, and still to be firmly clarified, are the 
relationships and evolution of groups above 
the species level. 


EXA- 


exa- Symbol E. A prefix used in the metric 
system to denote 10'* times. For example, 
10'® metres = 1 exametre (Em). 


excretion The elimination by an organism 
of the waste products that arise as a result 
of metabolic activity. These products include 
water, carbon dioxide, and nitrogenous com- 
pounds. In plants and simple animals waste 
products are excreted by simple diffusion 
from the body, but higher animals have spe- 
cialized organs and organ systems devoted 
to this function. Examples of excretory or- 
gans in yertebrates are the lungs (for carbon 
dioxide and water), and the *kidneys (for 
nitrogenous compounds (urea) and water). 
In addition, mammals excrete small 
amounts of urea, salts, and water from the 
skin in sweat. 


exocarp See pericarp. 


exocrine gland A gland that discharges its 
Secretion into a body cavity (such as the 
gut) or onto the body surface. Examples are 
the ‘sebaceous and ‘sweat glands, the 
*mammary glands, and part of the pancre- 
as. Exocrine glands are formed in the em- 
bryo from the invagination of epithelial 
cells. Their secretions pass initially into a 
cavity (an alveolus or acinus) and then out 
through a duct or duct network, along 
which the secretion may become modified 
by exchange with the blood across the duct 
epithelium. 


exodermis See hypodermis. 


exogamy The fusion of reproductive cells 
from distantly related or unrelated organ- 
isms, i.e. *outbreeding. Compare endogamy. 


exogenous Describing substances, stimuli, 
etc., that originate outside an organism. For 
example, vitamins that cannot be synthe- 
sized by an animal are said to be supplied 
exogenously in the diet. Compare endoge- 
nous. 
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exoskeleton A rigid external covering for 
the body in certain animals, such as the 
hard chitinous cuticle of arthropods. An ex- 
oskeleton protects and supports the body 
and provides points of attachment for mus- 
cles. The cuticle of arthropods must be shed 
at intervals to allow growth to occur (see 
ecdysis). Other examples of exoskeletons are 
the shells of molluscs and the bony plates 
of tortoises and armadillos. Compare endo- 
skeleton. 


exotoxin See toxin. 


explantation The removal of cells, tissues, 
or organs of animals and plants for observa- 
tion of their growth and development in ap- 
Propriate culture media. See also tissue cul- 
ture; organ culture. 
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exponential growth A form of population 
growth in which the rate of growth is relat- 
ed to the number of individuals present. In- 
crease is slow when numbers are low but 
rises sharply as numbers increase. If popula- 
tion number is plotted against time on a 
graph a characteristic J-shaped curve results. 
In animal and plant populations, such fac- 
tors as overcrowding, lack of nutrients, and 


disease limit population increase beyond a 
certain point and the J-shaped exponential 
curve tails off giving an S-shaped (sigmoid) 
curve, 


extracellular Located or occurring outside 
the cell. *Cuticularization is an example of 
an extracellular process. 


extraembryonic membranes (embryonic 
Membranes) Tissues produced by an 
animal *embryo for protection and nutrition 
but otherwise taking no part in its develop- 
ment. The three membranes, which are 
called fetal membranes in man, are the *cho- 
rion, ‘amnion, and ‘allantois. 


eye The organ of sight. The most primitive 
eyes are the *eyespots of some unicellular 
Organisms. More advanced eyes are the 
“ocelli and *compound eyes of arthropods 
(e.g insects). The cephalopod molluscs (e.g. 
the octopus and squid) and vertebrates pos- 
Sess the most highly developed eyes. These 
normally occur in pairs, are nearly spherical, 
and filled with fluid. Light is refracted by 
the *comea through the pupil in the “iris 
and onto the *lens, which focuses images 
Onto the retina, These images are received 
by light-sensitive cells in the retina (see 
cone; rod), which transmit impulses to the 
brain via the optic nerve. 


` 


ciliary body. 
aqueous humour: 


conjunctiva 


F, 


eyepiece (ocular) The lens or system of 
lenses in an optical instrument that is near- 
est to the eye. It usually produces a magni- 
fied image of the previous image formed by 
the instrument. 


eyespot (stigma) 1. (in botany) A struc- 
ture found in some free-swimming unicellu- 
lar algae and in plant reproductive cells that 
contains orange or red pigments (carote- 
noids) and is sensitive to light. It enables 
the cell to move in relation to a light source 
(see phototaxis). 2. (in zoology) A spot of 
pigment found in some lower animals, e.g. 
jellyfish. 


eye tooth A *canine tooth in the upper 
jaw. 


F 


F, (first filial generation) The first gener- 
ation of offspring resulting from an ar- 
ranged cross between selected parents in 
breeding experiments. See monohybrid. 


F, (second filial generation) The second 
generation of offspring in breeding experi- 


retina 


sclerotic 


choroid 


fovea 


blind spot 


optic nerve 


Structure of the vertebrate eye 


FACILITATED DIFFUSION 


ments, obtained by crosses between individ- 
uals of the *F, generation, See monohybrid. 


facilitated diffusion The transport of mol- 
ecules across the outer membrane of a living 
cell by a process that involves a specific 
carrier located within the cell membrane but 
does not require expenditure of energy by 
the cell. The carrier is believed to combine 
with a molecule on one side of the mem- 
brane, move through the membrane, and re- 
lease the molecule on the other side. Com- 
Pare active transport, 


FAD (flavin adenine dinucleotide) A 
“coenzyme important in various biochemical 
reactions. It comprises a phosphorylated vi- 
tamin B,(riboflavin) molecule linked to the 
nucleotide adenine monophosphate (AMP). 
FAD is usually tightly bound to the enzyme 
forming a flavoprotein. It functions as a hy- 
drogen acceptor in -dehydrogenation reac- 
tions, being reduced to FADH,. This in 
tum is oxidized to FAD by the “electron 
transport chain, thereby generating ATP 
(two molecules of ATP per molecule of 
FADH,). 


faeces Waste material that is eliminated 
from the alimentary canal through the 
*anus. Faeces consist of the indigestible res- 
idue of food that remains after the processes 
of digestion and absorption of nutrients and 
water have. taken place, together with bacte- 
ria and dead cells shed from the gut lining. 


Fahrenheit scale A temperature scale in 
which (by modern definition) the tempera- 
ture of boiling water is taken as 212 degrees 
and the temperature of melting ice as 32 
degrees. It was invented in 1714 by the 
German scientist G. D. Fahrenheit 
(1686-1736), who set the zero at the lowest 
temperature he knew how to obtain in the 
laboratory (by mixing ice and common salt) 
and took his own body temperature as 
96°F. The scale is no longer in scientific 


use. To convert to the *Celsius scale the 
formula is 
C = S(F - 32)/9. 


fallopian tube (oviduct) The tube that 
carries egg cells from the “ovary to the 
womb in mammals. The eggs are carried by 
the action of muscles and cilia. It was 
named after the Italian anatomist Gabriel 
Fallopius (1523-62). 


false fruit See DENS 


family A category used in the *classifica- 
tion of organisms that consists of one oF 
several similar or closely related genera. 
Similar families are grouped into an order. 
Family names end in -aceae or -ae in bota- 
ny (eg. Cactaceae) and -idae in zoology 
(e.g. Equidae). The names are usually de- 
rived from a type genüs (Cactus and Equus 
in the examples above) that is characteristic 
of the whole family (see type specimen). In 
botany, families are sometimes called natural 
orders. 


fascia A sheet of fibrous connective tissue 
occurring beneath the skin and also envel- 
oping glands, vessels, nerves, and forming 
tendon sheaths. 


fascicle See vascular bundle. 


fast green A green dye used in optical mi- 
croscopy that stains cellulose, cytoplasm, 
collagen, and mucus green. It is frequently 
used to stain plant tissues, with *safranin as 
a counterstain. Unlike light green, a similar 
dye, it does not fade easily. 


fat A mixture of lipids, chiefly *triglycer- 
ides, that is solid at norinal body tempera- 
tures. Fats occur widely in plants and ani- 
mals as a means of storing food energy. 
having twice the calorific value of carbohy- 
drates. In mammals, fat is deposited in à 
layer beneath the skin (subcutaneous fat) 
and deep within the body as a specialized 


*adipose tissue (see also brown fat). The in- 
sulating properties of fat are also important, 
especially in animals lacking fur and those 
inhabiting cold climates (eg- seals and 
whales). 

Fats derived from plants and fish general- 
ly have a greater proportion of unsaturated 
*fatty acids than those from mammals. 
Their melting points thus tend to be lower, 
causing a softer consistency at room temper- 
atures. Highly unsaturated fats are liquid at 
room temperatures and are therefore more 
properly called *oils. 


fat. body 1. An abdominal organ in 
amphibians attached to the anterior of each 
kidney. It contains a reserve of fat that 
nourishes the gonads during the winter 
hibernation in readiness for the spring 
breeding season. 2. A mass of fatty tissue 
spreading throughout the body cavity of in- 
sects in which fats, proteins, and glycogen 
are stored as a reserve for hibernation or 
pupation. 


fatty acid An organic compound consisting 
of a hydrocarbon chain and a terminal car- 
boxyl group (see carboxylic acids). Chain 
length ranges from one hydrogen atom (for- 
mic acid, HCOOH) to nearly 30 carbon at- 
oms. Acetic, propionic, and butyric acids 
are important in metabolism. Long-chain 
fatty acids (more than 8-10 carbon atoms) 
most commonly occur as constituents of 
certain lipids, notably glycerides, phospho- 
lipids, sterols, and waxes, in which they are 
esterified with alcohols. These long-chain 
fatty acids generally have an even number 
of carbon unbranched chains 


may be saturated (e.g. *palmitic acid and 
*stearic acid) or unsaturated, with one dou- 
ble bond (eg. *oleic acid) or two or more 
double bonds, in which case they are called 
polyunsaturated fatty acids (e.g *linoleic acid 
and “linolenic acid). See also essential fatty 
acids. 


FEHLING'S TEST 


The physical properties of fatty acids are 
determined by chain length, degree of un- 
saturation, and chain branching. Short-chain 
acids are pungent liquids, soluble in water. 
As chain length increases, melting points are 
raised and water-solubility decreases, Un- 
saturation and chain branching tend to low- 


-er melting points. 


feathers The body covering of birds, 
formed as outgrowths of the epidermis and 
composed of the protein *keratin. Feathers 
provide heat insulation, they give the body 
its streamlined shape, and those of the 
wings and tail are important in flight. Basi- 
cally a feather consists of a quill, which is 
embedded in the skin attached to a feather 
follicle and is continuous with the shaft 
(rachis) of the feather, which carries the 
*barbs. This basic structure is modified de- 
pending on the type of feather (see contour 
feathers; down feathers; filoplumes). 


fecundity The fertility of an organism (in 
higher animals, generally of the female of 
the species). Normally all organisms, assum- 
ing they reach reproductive age, are suffi- 
ciently fecund to replace themselves several 
times over. Darwin noted this, together with 
the fact that population numbers neverthe- 
less tended to remain fairly constant: these 
observations led him to formulate his theory 
of evolution by “natural selection. 


feedback The use of part of the output of 
a system to control its performance. In posi- 
tive feedback, the output is used to enhance 
the input; in negative feedback, the output is 
used to reduce the input. Many biological 

rely on negative feedback. As the 
population of a species expands, so its food 
supply per individual is diminished; the re- 
sult is that the population then begins to 
fall. Many biochemical processes are con- 
trolled by feedback *inhibition. 


Fehling's test A chemical test to detect re 
ducing sugars and aldehydes in solution, de- 


FEMTO- 


vised by the German chemist H. C. von 
Fehling (1812-85). Fehling's solution con- 
sists of Fehlings A (copper(II) sulphate so- 
lution) and Fehlings B (alkaline 2,3- 
dihydroxybutanedioate (sodium tartrate) so- 
lution), equal amounts of which are added 
to the test solution. After boiling, a positive 
result is indicated by the formation of a 
brick-red precipitate of copper(I) oxide. 
Methanal, being a strong reducing agent, al- 
so produces copper metal; ketones do not 
react. 


femto- Symbol f. A prefix used in the met- 
ric system to denote 10~'*. For example, 
107 !5 second = 1 femtosecond (fs). 


femur 1. The thigh bone of terrestrial 
vertebrates. It articulates at one end with 
the pelvic girdle at the hip joint and at the 
other (via two *condyles) with the *tibia. 2. 
The third segment of an insect's leg, at- 
tached to the *trochanter. See also coxa. 


fenestra Either of the two delicate mem- 
branes between the *middle ear and the 
"inner ear. The lower membrane is the fe- 
nestra ovalis (fenestra vestibuli, or oval win- 
dow). The stapes (the third *ear ossicle) 
transmits to the fenestra ovalis the vibra- 
tions it has received (via the other two ear 
ossicles) from the *tympanum (eardrum). 
Vibrations in the fenestra ovalis are trans- 
mitted to the *cochlea in the inner ear. The 
lower membrane, the fenestra rotunda (fenes- 
tra cochleae, or round window), vibrates in 
response to changes in pressure in the fluid 
(perilymph) surrounding the cochlea. 


fermentation A form of "anaerobic respi- 
ration occurring in certain microorganisms, 
e.g. yeasts. It comprises a series of biochem- 
ical reactions by which pyruvate (the end 
product of *glycolysis) is converted to etha- 
nol and carbon dioxide. Fermentation is the 
basis of the baking, wine, and beer indus- 
tries. 


ferns See Filicinae. 


fertilization (syngamy) The fusion of the 
nuclei of the male and female gametes (re- 
productive cells) during the process of sexu- 
al reproduction to form a zygote. As each 
gamete contains only half the correct 
number of chromosomes, fertilization and 
zygote formation results in a cell with the 
full complement of chromosomes, half of 
which are derived from each of the parents. 
In animals the process involves fusion of 
the nuclei of a spermatozoan and an ovum. 
In most aquatic animals (c.g. fish) this takes 
place in the surrounding water, into which 
the gametes are shed. Among most terrestri- 
al animals (e.g. insects, many mammals) fer- 
tilization occurs in the body of the female, 
into: which the sperms are introduced. In 
flowering plants, after *pollination, the male 
gamete (pollen) produces a *pollen tube, 
which grows down into the female repro- 
ductive organ (carpel) to enable a pollen 
nucleus to fuse with the egg nucleus. 

In self-fertilization the male and female 
gametes are derived from the same individu- 
al; in cross-fertilization they are derived 
from different individuals. Among plants, 
self-fertilization (also called autogamy) is 
common in many cultivated species, e.g. 
wheat and oats. In cross-fertilization (also 
called allogamy) the pollen comes either 
from another flower of the same plant or 
from a different plant (see also incompatibil- 
ity). 


fetal membranes See extraembryonic 
membranes. 


fetus (foetus) The embryo of a mammal, 
especially a human, when development has 
reached a stage at which the main features 
of the adult form are recognizable. In 
humans the embryo from eight weeks to 
birth is called a fetus. 


Feulgen's test A histochemical test in 
which the distribution of DNA in the chró- 


mosomes of dividing cell nuclei can be ob- 
served. It was devised by the German chem- 
ist R. Feulgen (1884-1955). A tissue section 
is first treated with dilute hydrochloric acid 
to remove the purine bases of the DNA, 
thus exposing the aldehyde groups of the 
sugar deoxyribose. The section is then im- 
mersed in *Schiffs reagent, which combines 
with the aldehyde groups to form a magen- 
ta-coloured compound. 


fibre 1. An elongated plant cell whose 
walls are extensively (usually completely) 
thickened with lignin. Fibres are found in 
the vascular tissue, usually in the xylem, 
where they provide structural support. The 
term is often used loosely to mean any kind 
of xylem element. The fibres of many spe- 
cies, e.g. flax, are of commercial importance. 
2. Any of various threadlike structures in 
the animal body, such as a muscle fibre, à 
nerve fibre, or a collagen fibre. 


fibre optics See optical fibres. 


fibrin The insoluble protein that forms fib- 
res at the site of an injury and is the foun- 
dation of a blood clot. See blood clotting; 
clotting factors. 


fibrinogen The protein dissolved in the 
blood plasma that, when suitably activated, 
is converted to insoluble *fibrin fibres. See 
clotting factors. 


fibrinolysis The breakdown of the protein 
*fibrin by the enzyme plasmin (or fibrinoly- 
sin), which occurs when blood clots are re- 
moved from the circulation. 


fibroblast A cell that secretes fibres in the 
intercellular substance of *connective tissue. 
The cells are long, flat, and star-shaped and 
lie close to collagen fibres. 


fibula The smaller and outer of the two 
bones between the knee and the ankle in 
terrestrial vertebrates. Compare tibia. 
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FILICINAE 


field-emission microscope A type of elec- 
tron microscope in which a high negative 
voltage is applied to a metal tip placed in 
an evacuated vessel some distance from a 
glass screen with a fluorescent coating. The 
tip produces electrons by field emission, i.e. 
the emission of electrons from an unheated 
sharp metal part as à result of a high elec- 
tric field. The emitted electrons form an en- 
larged pattern on the fluorescent screen, Te- 
lated to the individual exposed planes of 
atoms. As the resolution of the instrument 
is limited by the vibrations of the metal at- 
oms, it is helpful to cool the tip in liquid 
helium. Although the individual atoms form- 
ing the point are not displayed, indiyidual 
adsorbed atoms of other substances can be, 
and their activity is observable. 


field-ionization microscope (field-ion 
microscope) A type of electron microscope 
that is similar in principle to the *field- 
emission microscope, except that a high pos- 
itive voltage is applied to the metal tip, 
which is surrounded by low-pressure gas 
(usually helium) rather than a vacuum. The 
image is ‘formed in this case by field ioniza- 
tion: ionization at the surface of an unheat- 
ed solid as a result of a strong, electric field 
creating positive ions by electron transfer 
from surrounding atoms Or molecules. The 
image is formed by ions striking the fluores- 
cent screen. Individual atoms on the surface 
of the tip can be resolved and, in certain 
cases, adsorbed atoms may be detected. 


filament 1. (in zoology) A long slender 
hairlike structure, such as any of the *barbs 
of a bird's feather. 2. (in botany) The stalk 
of the *stamen in a flower. It bears the an- 
ther and consists mainly of conducting tis- 
suc. 


Filicinae A class of mainly terrestrial vas- 
cular plants — the ferns — belonging to the 
*Pteropsida. Ferns are perennial plants 
bearing large conspicuous leaves (fronds) 
usually arising from either a rhizome or à 


FILOPLUMES 


short erect stem. Bracken is a common ex- 
ample. Only the tree ferns have stems that 
reach an appreciable height. There is a char- 
acteristic uncurling of the young leaves as 
they expand into the adult form. Spores are 
borne on the underside of specialized leaves 
(sporophylls). 


filoplumes Minute hairlike *feathers con- 
sisting of a shaft (rachis) bearing a few un- 
attached barbs. They are found between the 
contour feathers. 


filter feeding A method of feeding in 
which tiny food particles are ingested from 
the surrounding water. It is used by many 
aquatic invertebrates. See also ciliary feed- 
ing. 


filtrate The clear liquid obtained by filtra- 
tion. 


filtration The process of Separating solid 
Particles using a filter. In vacuum filtration, 
the liquid is drawn through the filter by a 
vacuum pump. 


fins The locomotory organs of aquatic 
vertebrates. In fish there are typically one 
or more dorsal and ventral fins (sometimes 
continuous), whose function is balance; a 
caudal fin around the tail, which is the main 
Propulsive organ; and two Paired fins: the 
pectoral fins attached to the pectoral (shoul- 
der) girdle and the pelvic fins attached to 
the pelvic (hip) girdle, which are used in 
steering. These paired fins are homologous 
with the limbs of tetrapods. Fins are 
strengthened by a number of flexible fin 
rays, which may be cartilaginous, bony and 
jointed, horny, or fibrous and jointed. 


fish See Pisces. 


fission A type of asexual reproduction oc- 
curring in some unicellular organisms, eg. 
diatoms, protozoans, and bacteria, in which 
the parent ceil divides to-form two (binary 


fission) or more (multiple fission) similar 
daughter cells. 


fission-track dating A method of estimat- 
ing the age of glass and other mineral ob- 
jects by observing the tracks made in them 
by the fission fragments of the uranium nu- 
clei that they contain. By irradiating the ob- 
Jects with neutrons to induce fission and 
comparing the density and number of the 
tracks before and after irradiation it is pos- 
sible to estimate the time that has elapsed 
since the object solidified. 


fitness (in evolution) The condition of an 
organism that is well adapted to its environ- 
ment, as measured by its ability to 
Teproduce itself. See also inclusive fitness. 


fixation 1. The first stage in the prepara- 
tion of a specimen for microscopical exami- 
nation, in which the tissue is killed and pre- 
served in as natural a state as possible by 
immersion in a chemical fixative. The fixa- 
tive prevents the distortion of cell compo- 
nents by denaturing its constituent protein. 
Some commonly used fixatives are formalde- 
hyde, ethanol, and Bouin's fluid (for light 
microscopy), and osmium tetroxide and 
gluteraldehyde (for electron microscopy). 
Fixation may also be brought about by 
heat. 2. See nitrogen fixation. 


fixed action pattern See instinct. 


flaccid (in botany) Describing plant tissue 
that has become soft and less rigid than 
normal because the cytoplasm within its 
cells has shrunk and contracted away from 
the cell walls through loss of water (see 
plasmolysis). 


flagellum A relatively long (up to 150 pm) 
fine whiplike structure Present on the sur- 
face of certain cells, Particularly motile re- 
Productive cells (eg. spermatozoa), bacteria, 
and certain protozoans. Flagella occur singly 
or in small groups. Beating of flagella pro- 


duces movement of the cell, but some fla- 
gella (e.g. in Hydra) beat to cause move- 
ment of the surrounding fluid. Compare 
cilium. 


flatworms See Platyhelminthes. 
flavin adenine dinucleotide See FAD. 


flavonoid One of a group of naturally oc- 
curring phenolic compounds many of which 
are plant pigments. They include the *an- 
thocyanins, flavonols, and flavones. Patterns 
of flavonoid distribution have been used in 
taxonomic studies of plant species. 


flavoprotein See FAD. 
fleas See Siphonaptera. 
flies See Diptera. 


flower The structure in angiosperms 

(flowering plants) that bears the organs for 

sexual reproduction. Flowers are very vari- 

able in form, ranging from the small green 

insignificant wind-pollinated flowers of 

many grasses to spectacular brightly col- 
pollen tube containing 
two male nucleii 


sepal ————— 


---- route taken by 
pollen tube 


Section thi 


rough a monocarpellary flower at the time of pol! 


FLOWER 


oured insect-pollinated flowers. Flowers are 
often grouped together into *inflorescences, 
some of which (e.g. that of dandelion) are 
so compacted as to resemble a single flower. 
Typically flowers consist of a receptacle that 
bears sepals, petals, stamens, and carpels. 
The flower parts arc adapted to bring about 
pollination and fertilization resulting in the 
formation of seeds and fruits. The sepals are 
usually green and leaflike and protect the 
flower bud. The petals of insect-pollinated 
flowers are adapted in many ingenious ways 
to attract insects and, in some instances, 
other animals. For example, some flowers 
are adapted to attract short-tongued insects 
by having an open shallow *corolla tube 
and nectar situated in an exposed position. 
Flowers adapted for pollination by long- 
tongued insects have a long corolla tube of 
fused petals with nectar in a concealed posi- 
tion. The tongue of the insect brushes 
against the anthers and stigma before reach- 
ing the nectar. Wind-pollinated flowers, in 
contrast, are inconspicuous. The anthers 
dangle outside the corolla and the stigmas 
have a feathery surface to catch the pollen 


grains. 


pollen grain 


carpel 


embryo sac 
egg nucleus 


ovule 
integuments 
micropyle 
receptacle 
lination 


FLOWERING PLANTS 


Some species are adapted for self-pollina- 
tion and have small flowers, no nectar, and 
stamens and carpels that mature simultane- 
ously. 


flowering plants See Angiospermae. 
flukes See Trematoda. 


fluoridation The process of adding very 
small amounts of fluorine salts (c.g. sodium 
fluoride, NaF) to drinking water to prevent 
tooth decay. The fluoride becomes incorpo- 
rated into the substance of the growing 
teeth and reduces the incidence of caries. 


foetus See fetus. 
folacin See folic acid. 


folic acid (folacin) A vitamin of the *vita- 
min B complex. In its active form, te- 
trahydrofolic acid, it is a *coenzyme in vari- 
ous reactions involved in the metabolism of 
amino acids, purines, and pyrimidines. It is 
synthesized by intestinal bacteria and is 
widespread in food, especially green leafy 
vegetables. Deficiency causes poor growth 
and nutritional anaemia. 


follicle 1. (in animal anatomy) Any enclos- 
ing cluster of cells that protects and nour- 
ishes a cell or structure within. For exam- 
ple, follicles in the *ovary surround the 
developing egg, while *hair follicles envelop 
the roots of hairs. 2. (in botany) A dry fruit 
that, when ripe, splits along one side to re- 
lease its seeds. It is formed from a single 
carpel containing one or more -seeds. Folli- 
cles do not occur singly but are grouped to 
form clusters (etaerios). Examples include 
larkspur, columbine, and monk's hood. 


follicle-stimulating hormone (FSH) A 
hormone, secreted by the anterior pituitary 
gland in mammals, that stimulates, in fe- 
male mammals, ripening of specialized 
structures in the ovary (*Graafian follicles) 


that produce ova and, in males, the forma- 
tion of sperm in the testis. It is a major 
constituent of fertility drugs, used to treat 
failure of ovulation and decreased sperm 
production. See also gonadotrophin. 


food chain The transfer of energy from 
green plants (the primary producers) 
through a sequence of organisms in which 
each eats the one below it in the chain and 
is eaten by the one above. Thus plants are 
eaten by herbivores, which are then eaten 
by carnivores. These may in turn be eaten 
by different carnivores. The position an or- 
ganism occupies in a food chain is known 
as its *trophic level. In practice, many ani- 
mals feed at several different trophic levels, 
resulting in a more complex set of feeding 
relationships known as a food web. See 
bioenergetics; consumer; producer; pyramid 
of numbers. 


foramen An aperture in an animal part or 
organ, especially one in a bone or cartilage. 
For example, the foramen magnum is the 
opening at the base of the skull through 
which the *spinal cord passes. 


forebrain (prosencephalon) One of the 
three sections of the brain of a vertebrate 
embryo. The forebrain develops to form the 
"cerebrum, *hypothalamus, and *thalamus 
in the adult. Compare hindbrain; midbrain. 


foregut 1. The anterior region of the ali- 
mentary canal of vertebrates, up to the an- 
terior part of the duodenum. 2. The anteri- 
or part of the alimentary canal of 
arthropods. See also hindgut; midgut. 


form 1. A category used in the *classifica- 
tion of organisms into which different types 
of a variety may be placed. 2. Any distinct 
variant within a species. Seasonal variants, 
e.g. the tawny brown (summer) and blue- 
white (winter) forms of the blue hare, may 
be called forms, as may the different types 
that constitute a *polymorphism. 


y. 


fossil The remains or traces of any organ- 


ism that lived in the geological past. In gen-. 


eral only the hard parts of organisms be- 
come fossilized (e.g. bones, teeth, shells, and 
wood) but under certain circumstances the 
entire organism is preserved. For example, 
Virtually unaltered fossils of extinct mam- 
mals, such as the woolly mammoth and 
woolly rhinoceros, have been found pre- 
served in ice in the Arctic. Small organisms 
Or parts of organisms (e.g. insects, leaves, 
flowers) have been preserved in *amber. 

In the majority of fossils the organism 
has been turned to stone — a process 
known as petrification. This may take one of 
three forms. In permineralization, solutions 
originating underground fill the microscopic 
cavities in the organism. Minerals in these 
Solutions (e.g. silica or calcite) may actually 
replace the original material of the organism 
so that even microscopic structures may be 
Preserved; this process is known as replace- 
ment (or mineralization). A third form of pe- 
tification — carbonization (or distillation) — 
Occurs in certain soft tissues that are com- 
Posed chiefly of compounds of carbon, hy- 
drogen, and oxygen (eg. cellulose). After 
the organism has been buried, and in the 
absence of oxygen, carbon dioxide and 
water are liberated until only free carbon 
remains. This forms a black carbon film in 
the rock outlining the original organism. 
Moulds are formed when the original fossil 
is dissolved away leaving a mould of its 
Outline in the solid rock. The deposition of 
mineral matter from underground solutions 
in a mould forms a cast, Palacontologists 
often produce casts from moulds using such 
Substances as dental wax. Moulds of thin 
Organisms (e.g. leaves) are commonly known 
as imprints. Trace fossils are the fossilized 
Temnants of the evidence of animal life, 
Such as tracks, trails, footprints, burrows, 
and coprolites (fossilized faeces). 

The ideal conditions for the formation of 
fossils occur in areas of rapid sedimentation, 
especially those parts of the seabed that lie 
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below the zone of wave disturbance. See al- 
so chemical fossil; index fossil; microfossil. 


fossil hominid See hominid. 


fovea (fovea centralis) A shallow depres- 
sion in the *retina of the eye, opposite the 
lens, that is present in some vertebrates. 
This area contains a large concentration of 
*cones with only a thin layer of overlying 
nerves, It is therefore specialized for the 
perception of colour and sharp intense 
images. The clarity is enhanced when light 
is focused on the foveae of both retinas si- 
multancously. See binocular vision. 


fragmentation A method of asexual: repro- 
duction, occurring in some invertebrate ani- 
mals, in which parts of the organism break 
off and subsequently differentiate and devel- 
op into new individuals. It occurs especially 
in certain coelenterates and annelids. In 
some, regeneration may occur before separa- 
tion, producing chains of individuals bud- 
ding from the parent. 


fraternal twins (dizygotic twins) Two in- 
dividuals that result from a single pregnan- 
cy, each having developed from a separate 
fertilized egg. The two egg cells contain dif- 
ferent combinations of “alleles and so do 
the two sperm that fertilize them. The twins 
therefore have no more genetic similarity 
than brothers or sisters from single births. 
Compare identical twins. 


free energy A measure of a system's abili- 
ty to do work. The Gibbs free energy (or 
Gibbs function), G, is defined by G = H- 
TS, where G is the energy liberated or ab- 
sorbed in a reversible process at constant 
pressure and constant temperature (T), H is 
the ‘enthalpy. and S the *entropy of the 
system. Changes in Gibbs free energy, AG, 
are useful in indicating the conditions under 
which a chemical reaction will occur. If AG 
is positive the reaction will only occur if en- 
ergy is supplied to force it away from the 


FROGS 


equilibrium position (Le. when AG = 0). If 
AG is negative the reaction will proceed 
spontaneously to equilibrium. 


frogs See Amphibia. 
frond See megaphyll. 
fructification See sporophore. 


fructose (fruit sugar; laevulose) A simple 
sugar, C,H, ,0,, stereoisomeric with glu- 
cose. (Although natural fructose is the D- 
form, it is in fact laevorotatory.) Fructose 
occurs in green plants, fruits, and honey 
and tastes sweeter than sucrose (cane sugar), 
of which it is a constituent. Derivatives of 
fructose are important in the energy metab- 
olism of living organisms. Some polysaccha- 
ride derivatives (fructans) are carbohydrate 
energy stores in certain plants. 


fruit The structure formed from the ovary 
of a flower, usually after the ovules have 
been fertilized. It consists of the fruit wall 
(see pericarp) enclosing the sced(s). Other 
parts of the flower, such as the receptacle, 
may develop and contribute to the structure, 
resulting in a false fruit (see pseudocarp). 
The fruit may retain the seeds and be dis- 
persed whole (an indehiscent fruit), or it may 
open (dehisce) to release the seeds (a dehis- 
cent fruit). Fruits are divided into two main 
groups depending on whether the ovary wall 
remains dry or betomes fleshy (succulent). 
Succulent fruits are generally dispersed by 
animals and dry fruits by wind, water, or 
by some mechanical means. Sce illustration. 
See also composite fruit. 


fruit sugar See fructose. 
FSH See follicle-stimulating hormone. 
fucoxanthin The major *carotenoid pig- 


ment present, with chlorophyll, in the 
brown algae (see Phaeophyta). 
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fumaric acid A carboxylic acid, 
HCOOHC:CHCOOH, that is an intermedi- 
ate in the *Krebs cycle, being formed by 
the dehydrogenation of succinic acid. 


fungi A group of simple plants lacking 
chlorophyll. Some authorities do not regard 
fungi as plants and include them with other 
organisms of uncertain affinities in the king- 
dom *Protista. Fungi are classified in the 
taxonomic division Mycota or Fungi. They 
can either exist as single cells or make up à 
multicellular body called a mycelium, which 
consists of filaments known as *hyphac. 
Most fungal cells are multinucleate and 
have cell walls composed chiefly of *chitin. 
Fungi exist primarily in damp situations on 
land and, because of the absence of chloro- 
phyll, are either parasites or saprophytes on 
other organisms. The Mycota can be subdi- 
vided into four main classes, the *Phycomy- 
cetes, *Ascomycetes, *Basidiomycetes, and 
*Fungi Imperfect. The principal criteria 
used in classification are the nature of the 
spores produced and the presence or ab- 
sence of cross walls within the hyphae. See 
also slime fungi. 


Fungi Imperfecti (imperfect fungi) A 
class of *fungi in which sexual reproduction 
is absent. Otherwise they are generally simi- 
lar to *Ascomycetes and are consequently 
thought to be Ascomycetes that have lost 
the ability to produce ascospores. Examples 
of imperfect fungi are the Penicillium 
moulds. 


funicle The stalk that attaches an ovule to 
the placenta in the ovary of a flowering 
plant. It contains a strand of conducting tis- 
suc leading from the placenta into the cha- 
laza. 


furanose A *sugar having a five-membered 
ring containing four carbon atoms and onc 
oxygen atom. 


GALL BLADDER 


sycamore parachute of hairs 


E 
ash dandelion thistle 
fruit and 
seed 


sami 
n cypselas 
pores through which seeds are dispersed 

E dispersed 

seeds 
d o 
achenes in axils of hooked bracts 
(burdock) 


capsule (poppy) pod (!aburnum) 
Dry fruits: seeds dispersed by wind, water, or other mechanical means 


3 stony 
epicarp endocarp 


, seed 
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seei 
fleshy: 
mesocarp fleshy 
mesocarp 


berry (grape) 
drupe (cherry) (core) 


apple (pome) 
pseudocarps (false fruits) 


Succulent edible fruits:seeds dispersed by animals 
Different types of fruit and methods of seed dispersal 


tion of milk sugar (lactose) and as a constit- 
G uent of gum arabic. 


gall bladder A small pouch attached to the 

*bile duct, present in most vertebrates. 

*Bile, produced in the “liver, is stored in 
galactose A simple sugar, CeHı206, stere- — the gall bladder and released when food (es- 
cisomeric with glucose, that occurs naturally pecially fatty substances) enters the duode- 
as one of the products of the enzymic diges- num. 


GAMETANGIUM 


gametangium A plant sex organ that pro- 
duces gametes. The term is usually restricted 
to the sex organs of algae and fungi. 


gamete A reproductive cell that fuses with 
another gamete to form a zygote. Examples 
of gametes are ova and spermatozoa. Ga- 
metes are *haploid, i.e. they contain half the 
normal (diploid) number of chromosomes; 
thus when two fuse, the diploid number is 
restored (see fertilization). Gametes are 
formed by *meiosis. See also sexual repro- 
duction. 


gametophyte The generation in the life cy- 
cle of a plant that bears the gamete-produc- 
ing sex organs. The gametophyte is *hap- 
loid. It is the dominant phase in the life 
cycle of mosses and other bryophytes, the 
*sporophyte generation depending on it ei- 
ther partially or completely. In pterido- 
phytes it is the *prothallus. In seed plants it 
is very much reduced. For example, in an- 
giosperms the pollen grain is the male ga- 
metophyte and the embryo sac is the female 
gametophyte. See also alternation of genera- 
tions, 


ganglion A mass of nervous tissue contain- 
ing many *cell bodies and *synapses, usual- 
ly enclosed in a connective-tissue sheath. In 
vertebrates most ganglia occur outside the 
central nervous system; exceptions are the 
*basal ganglia in the brain. In invertebrates 
ganglia occur along the nerve cords and the 
most anterior pair (cerebral ganglia) are 
analogous to the vertebrate brain; inverte- 
brate ganglia constitute a part of the central 
nervous system. 


ganoid scale See scales. 


gas-liquid chromatography A technique 
for separating or analysing mixtures of gases 
by *chromatography. The apparatus consists 
of a very long tube containing the stationa- 
ry phase, a nonvolatile liquid, such as a hy- 
drocarbon oil coated on a solid support. 


The sample is often a volatile liquid mixture 
(e.g. of fatty acids), which is vaporized and 
swept through the column by a carrier gas 
(e.g. hydrogen). The components of the mix- 
ture pass through the column at different 
rates and are detected as they leave, either 
by measuring the thermal conductivity of 
the gas or by a flame detector. 

Gas chromatography is usually used for 
analysis; components can be identified by 
the time they take to pass through the col- 
umn. It is sometimes also used for separat- 
ing mixtures. 


gastric juice An acidic mixture of inorgan- 
ic salts, hydrochloric acid, and digestive en- 
zymes (e.g. *pepsin) produced by glands in 
the stomach lining. 


gastric mill (proventriculus) A type of 
“gizzard occurring in many crustaceans. It is 
situated in the anterior region of the stom- 
ach and consists of a set of bones (ossicles) 
and muscles that grind food particles. The 
food particles are then filtered by bristles in 
the posterior section of the stomach. 


Bastrin A hormone, produced in the stom- 
ach, that controls the release of gastric juice. 
The secretion of gastrin is stimulated by the 
presence of food in the stomach. It is one 
of the hormones that integrates and controls 
digestive processes (see also secretin). 


Gastropoda A class of molluscs that in- 
cludes the snails, whelks, limpets, land and 
sea slugs, and conches. Molluscs have a 
well-developed head with tentacles, a large 
flattened foot, and a coiled twisted shell. 
They occupy marine, freshwater, and terres- 
trial habitats; in the terrestrial and some 
freshwater gastropods the *mantle cavity 
acts as a lung instead of enclosing gills. 


gastrula The stage in the development of 
an animal embryo that succeeds the *blastu- 
la. It begins with the production of the 
*germ layers and the embryo becomes con- 


verted to a cup-shaped structure containing 
a cavity (the *archenteron). 


gel A lyophilic *colloid that has coagulated 
to a rigid or jelly-like solid. In a gel, the 
disperse medium has formed a loosely-held 
network of linked molecules through the 
dispersion medium. Examples of gels are sil- 
ica gel and gelatin. 


gelatin(e) A colourless or pale yellow 
water-soluble protein obtained by boiling 


GENETIC CODE 


teristic is shown (e.g. tallness or shortness 
for the characteristic of height). 

A gene may be defined as the shortest 
length of chromosome that cannot be bro- 


' ken by recombination (see meiosis) or that 


collagen with water and evaporating the so 


lution. It swells when water is added and 
dissolves in hot water to form a solution 
that sets to a gel on cooling. It is used in 
Photographic emulsions and adhesives, and 
in jellies and other foodstuffs. 


gel filtration A type of column *chroma- 
tography in which a mixture of liquids is 
passed down a column containing à gel. 
Small molecules in the mixture can enter 
pores in the gel and move slowly down the 
column; large molecules, which cannot enter 
the pores, move more quickly. Thus, mix- 
tures of molecules can be separated on the 
basis of their size, The technique is used 
Particularly for separating proteins but it 
can also be applied to cell nuclei, viruses, 
etc. 


gemmation ʻA type of *vegetative propaga- 
tion in which small clumps of undifferenti- 
ated cells (gemmae) develop on the surface 
of a plant. These are shed and dispersed to 
other areas, where they grow to produce 
new individuals. Gemmation is found only 
in certain lower plants, such as mosses and 
liverworts, 


gene A unit of heredity composed of DNA. 
In classical genetics (see Mendelism; Men- 
del's laws) a gene is visualized as à discrete 
Particle, forming part of a *chromosome, 
that determines a particular characteristic. It 
can exist in different forms called “alleles, 
which determine which aspect of the charac- 
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can undergo ‘mutation, both units being 
recognized as a single base pair in the nu- 
cleotide sequence that makes up the DNA. 
The gene as a unit of function may be de- 
fined as the sequence of nucleotides con- 
cerned with the synthesis of a single poly- 
peptide chain, corresponding to a particular 
sequence of the *genctic code. One or more 
of these structural genes, coding for protein, 
may be associated with a controlling opera- 
tor gene; this unit is known as an operon. 
The operon itself is controlled by a third 
type of gene, the regulator gene. 
gene pool All the *genes and their differ- 
ent alleles that are present in a population 
of a plant or animal species. See also popu- 
lation genetics. 


generation time The interval between the 
beginnings of consecutive cell divisions. It 
may be as short as 20 minutes in bacteria. 
See also interphase. 


generative nucleus One of the two male 
gametes in the *pollen tube of angiosperms. 


gene therapy The application of “genetic 
engineering techniques to alter or replace 
defective genes. The techniques are still at 
the experimental stage but the eventual aim 
is to prevent such genetic diseases as sickle 
cell anaemia and thalassaemia. 


ic code The means by which genetic 
information in *DNA controls the manufac- 
ture of specific proteins by the cell. The 
code takes the form of a series of triplets 
(codons) of bases in DNA, from which is 
transcribed a complementary sequence of 
codons in messenger *RNA (see transcrip- 
tion). The sequence of these codons deter- 
mines the sequence of amino acids during 


GENETIC ENGINEERING 


*protein synthesis. There are 64 possible 
codes from the combinations of the four ba- 
ses present in DNA and messenger RNA 
and 20 amino acids present in body pro- 


teins: some of the amino acids are coded by” 


more than one codon, and some codons 
have other functions. 


genetic engineering (recombinant DNA 
technology) The techniques involved in al- 
tering the characters of an organism by in- 
serting genes from another organism into its 
DNA. This altered DNA (known as recom- 
binant DNA) is usually produced by isolat- 
ing foreign genes, often by the use of *re- 
Striction enzymes, and inserting them into 
bacterial DNA via a *plasmid, which can 
enter the bacterial cell and then combine 
with the hosts genetic material. Once insert- 
ed, the foreign gene may use the cell ma- 
chinery of the bacterium to synthesize the 
protein that it originally coded for in the 
organism it was derived from. For example, 
the human gene for insulin production has 
been incorporated into bacterial DNA and 
such genetically engineered bacteria are used 
in the commercial production of this hor- 
mone. 


genetics The branch of biology concerned 
with the study of heredity and variation. 
Classical genetics is based on the work of 
Gregor Mendel (see Mendelism). During the 
20th century genetics has expanded to over- 
lap with the fields of ecology and animal 
behaviour (see behavioural genetics; popula- 
tíon genetics), and important advances in 
biochemistry and microbiology have led to 
clarification of the chemical nature of 
*genes and the ways in which they can rep- 
licate and be transmitted. See also genetic 
engineering. 


genome All the genes contained in a single 
set of chromosomes, ie. in a *haploid nu- 
cleus. Each parent, through its reproductive 
cells, contributes its genome to its offspring. 


genotype The genetic composition of an 
organism, i.e. the combination of *alleles it 
possesses. Compare phenotype. 


genus A category used in the °classification 
of organisms that consists of a number of 
similar or closely related species. The com- 
mon name of an organism (especially a 
plant) is sometimes similar or identical to 
that of the genus, eg. Lilium (lily), Antirrhi- 
num. Similar genera arc grouped into fami- 
lies. See also binomial nomenclature. 


geochronology See varve dating. 


geological time scale A time scale that 
covers the earth's history from its origin, es- 
timated to be about 4600 million years ago, 
1o the present. The chronology is divided 
into a hierarchy of time intervals: eras, peri- 
ods, epochs, ages, and chrons (see Appen- 
dix). 


geotropism The growth of plant organs in 
Tesponse to gravity. A main root is positive- 
ly geotropic and a main stem negatively ge- 
otropic, growing downwards and upwards 
respectively, irrespective of the positions in 
which they are placed. For example, if a 
stem is placed in a horizontal position it 
will still grow upwards. Geotropism is 


.thought to be controlled by *auxin, a plant 


‘growth substance. See tropism. 


germ cell Any cell in the series of cells 
(the germ line) that eventually produces *ga- 
mctes. In mammals the germinal epithelium 
of the ovaries and testes contain the germ 
cells. 


germination 1. The initial stages in the 
growth of a seed to form a seedling. The 
embryonic shoot (plumule) and embryonic 
Toot (radicle) emerge and grow upwards and 
downwards respectively. Food reserves for 
germination come from ‘endosperm tissue 
within the seed and/or from the seed leaves 
(cotyledr ns). See also epigeal; hypogeal. 2. 


The first signs of growth of spores and pol- 
len grains. 


E 
germ layers The layers of cells in an 
animal embryo at the *gastrula stage, from 
which are derived the various organs of the 
animal's body. There are two or three germ 
layers: an outer layer (see ectoderm), an in- 
ner layer (see endoderm), and in most 
animal groups a middle layer (see meso- 
derm). 


germ plasm See Weismannism. 


gestation The period in animals bearing 
live young (especially mammals) from the 
fertilization of the egg to birth of the young 
(parturition), In man gestation is known as 
Pregnancy and takes about nine months (40 
weeks). 


giant fibre A nerve fibre with a very large 
diameter, found in many types of inverte- 
brate (e.g. earthworms and squids). Its func- 
tion is to allow extremely rapid transmission 
of nervous impulses and hence rapid escape 
movements in emergencies. 


gibberellin Any of a group of plant 
“growth substances chemically related to 
gibberellic acid, Gibberellins promote shoot 
elongation in certain plants, often overcom- 
ing genetic dwarfism. They are also involved 
n the release of buds from dormancy and 
in promoting seed germination. 


giga- Symbol G. A prefix used in the met- 
Tic system to denote one thousand million 
times, For example, 10° joules = 1 
Bigajoule (GJ). 


gill 1. (in zoology) A respiratory organ 
used by aquatic animals to obtain oxygen 
from the surrounding water. A gill consists 
essentially of a membrane or outgrowth 
Írom the body, with a large surface arca 
and a plentiful blood supply, through which 
diffusion of oxygen and carbon dioxide be- 
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tween the water and blood occurs. Fishes 
have internal gills, formed as outgrowths 
from the pharynx wall and contained within 
egill slits. Water entering the mouth is ` 
pumped out through these slits and over the 
gills, The gills of most aquatic invertebrates 
and amphibian larvae are external gills, 
which project from the body so that water 
passes over them as the animal moves. 2. 
(in botany) One of the ridges of tissue that 
radiate from the centre of the underside of 
the cap of mushrooms. The spores are pro- 
duced on these gills. 


gill bar A cartilaginous support for the tis- 
sue between the gill slits in lower chordates, 


such as Amphioxus. 


gill slit An opening leading from the phar- 
ynx to the exterior in aquatic vertebrates 
and Amphioxus. In Amphioxus they function 
in *filter feeding. In fish they contain the 
*gills and are usually in the form of a series 
of long slits. They arc absent in adult te- 
trapod vertebrates (except for some 
amphibians) but their presence in some 
form in the embryos of all vertebrates is a 
characteristic of the phylum *Chordata. 


gingiva (gum) The part of the epithelial 
tissue lining the mouth that covers the jaw 
bones. It is continuous with the sockets sur- 
rounding the roots of the teeth. 


gizzard A muscular compartment of the al- 
imentary canal of many animals that is spe- 
cialized for breaking up food. In birds the 
gizzard lies between the *proventriculus and 
the duodenum and contains small stones 
and grit, which assist in breaking up the 
food when the gizzard contracts. See also 
gastric mill. 


gland A group of cells or.a single cell in 
animals or plants that is specialized to se- 
crete a specific substance. In animals there 
are two types of glands, both of which syn- 
thesize their secretions. *Endocrine glands 


GLENOID CAVITY 


discharge their products directly into the 
blood vessels; “exocrine glands secrete 
through a duct or network of ducts into a 
body cavity or onto the body surface. Secre- 
tory cells are characterized by having drop- 
lets (vesicles) containing their products. See 
also secretion. 

In plants glands are specialized to secrete 
certain substances produced by the plant. 
The secretions may be retained within a sin- 
gle cell, secreted into a special cavity or 
duct, or secreted to the outside. Examples 
are the water glands (*hydathodes) of cer- 
tain leaves, nectaries (see nectar), and the 
digestive glands of certain insectivorous 
plants. 


glenoid cavity The socket-shaped cavity in 
the *scapula (shoulder blade) that holds the 
head of the *humerus in a ball-and-socket 
joint. 


globulin Any of a group of globular pro- 
teins that are generally insoluble in water 
and present in blood, eggs, milk, and as a 
reserve protein in seeds. Blood serum globu- 
lins comprise four types: aj-, a-~, and f- 
globulins, which serve as carrier proteins; 
and y-globulins, which include the *immu- 
noglobulins responsible for immune re- 
sponses. 


glomerulus A tangled mass of blood capil- 
laries enclosed by the cup-shaped end (Buw- 
man’s capsule) of a kidney tubule (see neph- 
ron). Waste products and water pass from 
these capillaries into the Bowman's capsule 
and down the nephron. 


glottis The opening from the pharynx to 
the trachea (windpipe). In mammals it also 
serves as the space for the *vocal cords. See 


also epiglottis; larynx. 


glucagon A hormone, secreted by the *is- 
lets of Langerhans in the pancreas, that in- 
creases the concentration of glucose in the 
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blood by stimulating the metabolic break- 
down of glycogen. It thus antagonizes the 
effects of *insulin (see antagonism). " 


glucocorticoid See corticosteroid. 
gluconeogenesis See glycolysis. 


gluconic acid An optically active hydroxy- 
carboxylic acid, CH,(OH(CHOH), COOH. 
It is the carboxylic acid corresponding to 
the aldose sugar glucose, and can be made 
by the action of certain moulds. 


glucose (dextrose; grape sugar) A white 
crystalline sugar, C, H,;O,, occurring wide- 
ly in nature. Like other *monosaccharides, 
glucose is optically active: most naturally 
occurring glucose is dextrorotatory. Glucose 
and its derivatives are crucially important in 
the energy metabolism of living organisms. 
It is a major energy source, being transport- 
ed around the body in blood, lymph, and 
cerebrospinal fluid to the cells, where energy 
is released in the process of *glycolysis. 
Glucose is present in the sap of plants, in 
fruits, and in honey and is also a constitu- 
ent of many polysaccharides, most notably 
starch and cellulose. These yield glucose 
when broken down, for example by enzymes 
during digestion. 


glutamic acid See amino acid. 
glutamine See amino acid. 


glutathione A "peptide comprising the 
amino acids glutamic acid, cysteine, and 
glycine. It occurs widely in plants, animals, 
and microorganisms, serving chiefly as cn 
antioxidant. Reduced glutathione reacts with 
potentially harmful oxidizing agents and is 
itself oxidized. This is important in ensuring 
the proper functioning of proteins, haemo- 
globin, membrane lipids, etc. Glutathione i$ 
also involved in amino acid transport across 
cell membranes. 


gluten A mixture of two proteins, gliadin 
and glutenin, occurring in the endosperm of 
wheat grain. Their amino acid composition 
varies but glutamic acid (33%) and proline 
(12%) predominate. The composition of 
wheat glutens determines the ‘strength’ of 
the flour and whether or not it is suitable 
for biscuit or bread making. Sensitivity of 
the lining of the intestine to gluten occurs 
in coeliac disease, a condition that must be 
treated by a gluten-free diet. 


glyceride (acylglycerol) A fatty-acid ester 
of glycerol. Esterification can occur at one, 
two, or all three hydroxyl groups of the 
glycerol molecule producing mono-, di-, and 
triglycerides respectively. *Triglycerides are 
the major constituent of fats and oils found 
in living organisms. Alternatively, one of the 
hydroxyl groups may be esterified with a 
Phosphate group forming a phosphoglycer- 
ide (see phospholipid) or to a sugar forming 
a glycolipid, 


glycerine See glycerol. 


glycerol (glycerine; propane-1,2,3,-triol) 
^  trihydric alcohol, HOCH;CH(OH) 
CH, OH. Glycerol is a colourless sweet-tast- 
ing viscous liquid, miscible with water but 
insoluble in ether, It is widely distributed in 


glucose 


À GLYCOLYSIS 
all living organisms as a constituent of the 
*glycerides, which yield glycerol when 
hydrolysed. 


glycine See amino acid. 


glycogen (animal starch) A *polysaccha- 
ride consisting of a highly branched poly- 
mer of glucose occurring in animal tissues, 
especially in liver and muscle cells. It is the 
major store of carbohydrate energy in 
animal cells and is present as granular clus- 
ters of minute particles. 


glycolysis (Embden-Meyerhof pathway) 
The series of biochemical reactions in which 
glucose is broken down to pyruvate with the 
release of usable energy in the form of 
*ATP. One molecule of glucose undergoes 
two phosphorylation reactions and is then 
split to form two triose-phosphate mole- 
cules, Each of these is converted to pyr- 
uvate. The net energy yield is two ATP 
molecules per glucose molecule. In *aerobic 
respiration pyruvate then enters the *Krebs 
cycle. Alternatively, when oxygen is in short 
supply or absent, the pyruvate is converted 
to various products by *anaerobic respira- 
tion. Other simple sugars, e.g. fructose and 
galactose, and glycerol (from fats) enter the 


(a hexose: 6 carbon atoms) 


ATP 


fructose-- 1,6-diphosphate 


glyceraldehyde—3- phosphate 
3-glycerophosphate 


pyruvate 


(a triose phosphate: 


glyceraldehyde-3~phosphate 3 carbon atoms) 


BD 


3-glycerophosphate 


pyruvate 


The principal stages of glycolysis 
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GNATHOSTOMATA 


glycolysis pathway at intermediate stages. 
Many of the glycolytic reactions are revers- 
ible and are used to reform glucose from 
pyruvate in the process of gluconeogenesis. 


Gnathostomata A subphylum consisting of 
all vertebrates that possess jaws. It includes 
the fishes, amphibians, reptiles, birds, and 
mammals. Compare Agnatha. 


gnotobiotic Designating germ-free condi- 
tions, especially those in which experimental 
animals are inoculated with known strains 
of microorganisms, 


Golgi apparatus An assembly of vesicles 
and folded membranes within the cytoplasm 
of plant and animal *cells that stores and 
transports secretory products (such as en- 
zymes and hormones) and plays a role in 
formation of a cell wall (when this is pre- 
sent). It is named after its discoverer, the 
Italian cytologist Camillo Golgi 
(1843-1926). See also endoplasmic reticu- 
lum. 


gonad Any of the usually paired organs in 
animals that produce reproductive cells (ga- 
metes). The most important gonads are the 
male *testis, which produces Spermatozoa, 
and the female *ovary, which Produces ova 
(egg cells) The gonads also produce hor- 
mones that control secondary sexual charac- 
teristics. 


gonadotrophin (gonadotrophic hormone) 
Any of several hormones, secreted by the 
mammalian anterior *pituitary gland, that 
stimulate reproductive activity of the testes 
or ovaries (the gonads). Gonadotrophins in- 
clude *follicle-stimulating hormone, *lutein- 
izing hormone, and a hormone produced by 
the placenta (chorionic gonadotrophin) that 
suppresses the menstrual cycle and whose 
presence in urine in large amounts is an in- 
dication of pregnancy. 
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Graafian follicle The fluid-filled cavity 
that surrounds and protects the developing 
egg cell in the ovary of a mammal. After 
the release of the ovum it develops into a 
“corpus luteum. It is named after the Dutch 
anatomist Reinier de Graaf (1641-73). 


graft An isolated portion of living tissue 
that is joined to another tissue, either in the 
same or a different organism, the conse- 
quent growth resulting in fusion of the tis- 
sues. (The word is also used for the process 
of joining the tissues.) 

Grafting of plant tissues is a horticultural 
practice used to propagate plants, especially 
certain bushes and fruit trees, artificially. A 
shoot or bud of the desired variety (the sci- 
on) is grafted onto a rootstock of either a 
common or a wild related species (the 
stock). The scion retains its desirable charac- 
teristics (e.g. flower form or fruit yield) and 
supplies the stock with food made by pho- 
tosynthesis. The stock supplies the. scion 
with water and mineral salts and affects 
only the size and vigour of the scion. 

Animal and human grafts are used to re- 
place faulty or damaged parts of the body. 
An autograft is taken from one part of the 
body and transferred to another part of the 
same individual, cg. a skin graft used for 
severe burns. A homograft (allograft) is tak- 
en from one individual (the donor) and im- 
Planted in another (the recipient), the pro- 
cess being known as transplantation, €g. à 
heart or kidney transplant. In such cases the 
graft may be regarded by the body as for- 
eign (a state of incompatibility): an *immune 
Tesponse follows and the graft is rejected 
(see also HL-A system). 


graft hybrid A type of plam *chimaera 
that may be produced when a part of one 
plant (the scion) is grafted onto another 
plant of a different genetic constitution (the 
Stock) Shoots growing from the point of 
union of the graft contain tissues from both 
the stock and the scion. 


gram Symbol g. One thousandth of a kilo- 
gram. The gram is the fundamental unit of 
mass in *c.gs. units and was formerly used 
in such units as the gram-atom, gram-mole- 
cule, and gram-equivalent, which have now 
been replaced by the *mole. 


Gram's Stain A staining method used to 
differentiate bacteria. The bacterial sample 
is Smeared on a microscope slide, stained 
with a violet dye, treated with acetone-alco- 
hol (a decolourizer), and finally counter- 
stained with a red dye. Gram-positive bacte- 
ria retain the first dye, appearing blue-black 
under the microscope. In Gram-negative bac- 
teria, the acetone-alcohol washes out the vi- 
olet dye and the counterstain is taken up, 
the cells appearing red. It is named after 
the Danish bacteriologist H. C. J. Gram 
(1853-1938), who first described the tech- 
nique (since modified) in 1884. 


granum (p. grana) A stack of platelike 
bodies (thylakoids), many of which are 
found in plant *chloroplasts. Grana bear 
the light-receptive pigment chlorophyll and 
contain the enzymes responsible for the 
light reactions of photosynthesis. 


Grape sugar See glucose. 


Sas A group of extinct marine colo- 
hice that were common in the 

Zoic era. Graptolites are generally re- 
garded as being related to the *Coclenter- 
ata. They had chitinous outer skeletons in 
the form of simple or branched stems, the 
individual Polyps occupying minute cups 
(thecae) along these stems. Fossils of these 
skeletons are found in Palaeozoic rocks of 
all continents; they are particularly abun- 
dant in Ordovician and Silurian rock strata, 
for which they are used as *index fossils. At 
the end of the Silurian many graptolites be- 
came extinct but a few groups continued in- 
to the early Carboniferous. 


GROUND TISSUES 


gray Symbol Gy. The derived SI unit of 
absorbed *dose of ionizing radiation (see ra- 
diation units). It is named after the British 
radiobiologist L. H. Gray (1905-65). 


green algae See Chlorophyta. 


greenhouse effect 1. The effect within a 
greenhouse in which solar radiation mainly 
in the visible range of the spectrum passes 
through the glass roof and walls and is ab- 
sorbed by the floor, earth, and contents, 
which re-emit the energy as infrared radia- 
tion. Because the infrared radiation cannot 
escape through the glass, the temperature 
inside the greenhouse rises. 2. A similar ef- 
fect in which the earth's atmosphere behaves 
like the greenhouse and the surface of the 
earth absorbs most of the solar radiation, 
re-emitting it as infrared radiation. This is 
absorbed by carbon dioxide, water, and 
ozone in the atmosphere as well as by 
clouds and reradiated back to earth. At 
night this absorption prevents the tempera- 
ture falling rapidly after a hot day, especial- 
ly in regions with a high atmospheric water 
content. 


grey matter Part of the tissue that makes 
up the central nervous system of vertebrates. 
It is brown-grey in colour, consisting largely 
of nerve ‘cell bodies, *synapses, and *den- 
drites. The grey matter is the site of coordi- 
nation between nerves of the central ner- 
yous system. Compare white matter. 


ing The actions of an animal of rear- 
ranging fur or feathers and cleaning the 
body surface by biting, scratching, licking, 
etc., which is important for removing para- 
sites and spreading essential oils over the 
body surface. In many mammals, especially 
primates, grooming between individuals (allo- 
grooming) has an important role in main- 
taining social cohesion. 


tissues All the plant tissues formed 
by the *apical meristems except the epider- 
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mis and vascular tissue. The principal growth ring (annual ring) Any of the 
ground tissues are the ‘cortex, *pith, and rings that can be seen in a cross-section of 
primary *medullary rays, and they consist a woody stem (eg. a tree trunk). It repre- 
chiefly of *parenchyma. sents the *xylem formed in one year as à 
Collenchyma is a form of ground tissue esult of fluctuating activity of the vascular 
less frequently observed. It consists of cells . “Cambium. In temperate climates pale soft 
with limited amounts of additional cellulose Pring wood, characterized by large xylem 
thickening in the walls and is most com- Vessels, is formed in spring and early sum- 
monly found in the stem cortex. mer. Growth slows down in late summer 
and a darker dense autumn wood with small- 
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growth An increase in the dry weight or er xylem vessels is formed. The age of 
volume of an organism through cell division — "* a be determined by counting E 
and cell enlargement. Growth may continue Toe Under Sen ICD aes 
throughout the life of the organism, as oc- mon t growth Engst, form in, onc d 
curs in woody plants, or it may cease at EMI nse to false; annual rings, 
maturity, as in man and other mammals, " 
See also allometric growth; exponential growth substance (phytohormone; gan 
growth. hormone) Any of a number of organic 
chemicals that are synthesized by plants an 
regulate growth and development. They are 
usually made in a particular region, such a5 
the shoot tip, and transported to other re- 
gions, where they take effect. See abscisic 
acid; auxin; cytokinin; ethene (ethylene); 
gibberellin. 


growth hormone (GH; somatotrophin) 
A hormone, secreted by the mammalian pi- 
tuitary gland, that stimulates protein synthe- 
sis and growth of the long bones in the legs 
and arms, Production of growth hormone is 
greatest during early life. In man, overpro- 
duction results in gigantism and underpro- 


idi i i und rê- 
duction in dwarfism. guanidine A crystalline basic compo! 


lated to urea HN:C(NH;);. 
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Transverse section through a three-year-old woody stem to show the growth rings 
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guanine A “purine derivative. It is one of 
the major component bases of “nucleotides 
and the nucleic acids *DNA and *RNA. 


guard cell See stoma. 


gum 1. Any of a variety of substances ob- 
tained from plants. Typically they are insol- 
uble in organic solvents but form gelatinous 
or sticky solutions with water. Gum resins 
are mixtures of gums and natural resins. 
Gums are produced by the young xylem 
vessels of some plants (mainly trees) in re- 
sponse to wounding or pruning. ‘The exu- 
date hardens when it reaches the plant sur- 
face and thus provides a temporary 
Protective seal while the cells below divide 
& form à permanent repair. Excessive gum 
formation is a symptom of some plant dis- 
eases. See also mucilage. 2. See gingiva. 


But See alimentary canal. 
Buttation See hydathode. 


Gymnospermae A subdivision of the 
‘Spermatophyta or a class of the *Pterop- 
sida containing the conifers (see Coniferales) 
and related species, such as cycads (see Cy- 
cadales) and ginkgos, as well as the extinct 
seed ferns (see Pteridospermales). Gymno- 
sperms have an extensive fossil record going 
back to the late Devonian. The gametes are 
carried in male and female *cones, fertiliza- 
tion usually being achieved by wind-bome 
Pellea; The ovules and the seeds into which 
E develop are borne unprotected (rather 
n enclosed in a carpel, as are those of 
RE RBOSDETRMEM (The term gymnosperm 
vs naked seed.) Internal tissue and cell 
ructure of these species is not as advanced 
as in the angiosperms. 
posedim (gynoecium) The female sex 
ee (*carpels) of a flower. Compare an- 
'oecium. 


Eynoecium See gynaccium. 
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habitat The place in which an organism 
lives, which is characterized by its physical 
features or by the dominant plant types. 
Freshwater habitats, for example, include 
streams, ponds, rivers, and lakes. 


habituation 1. A simple type of learning 
consisting of a gradual waning in the re- 
sponse of an animal to a continuous or re- 
peated stimulus that is not associated with 
"reinforcement. 2. The condition of being 
psychologically, but not physically, depend- 
ent on a drug, with a desire to continue its 
use but not to increase the dosage. 


haem (heme) An iron-containing molecule 
that binds with proteins as à *cofactor or 
*prosthetic group to form the haemoproteins, 
These are *haemojlobin, *myoglobin, and 
the *cytochromes. Essentially, haem com- 
prises a porphyrin with its four nitrogen 
atoms holding the iron(II) atom as a che- 
late. This iron can reversibly bind oxygen 
(as in haemoglobin and myoglobin) or (as 
in the cytochromes) conduct electrons by 
conversion between the iron(II) and iron 


(III) series. 


haematoxylin A compound used in its oxi- 
dized form (haematein) as à blue dye in op- 
tical microscopy, particularly for staining. 
smears and sections of animal tissue. It 
stains nuclei blue and is frequently used 
with *eosin as a counterstain for cytoplasm. 
Haematoxylin requires a mordant, such as 
iron alum, which links the dye to the.tissue. 
Different types of haematoxylin can be 
made, up depending on the mordant used, 
the method of oxidation, and the pH. Ex- 
amples are Delafield’s haematoxylin and Ehr- 


lich's haematoxylin. 


haemocyanin (hemocyanin) Any of a. 
group of copper-containing respiratory pro- 
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teins found in solution in the blood of cer- 
tain arthropods and molluscs. Haemocy- 
anins contain two copper atoms that 
reversibly bind oxygen, changing between 
the colourless deoxygenated form (Cul) and 
the blue oxygenated form (Cull). In some 
species, haemocyanin molecules form giant 
polymers with molecular weights of several 
million. 


haemoglobin One of a group of globular 
Proteins occurring widely in animals as oxy- 
gen carriers in blood. Vertebrate haemo- 
globin comprises two Pairs of Polypeptide 
chains (forming the globin protein) with 
each chain folded to Provide a binding site 
for a *haem Broup. Each of the four haem 
Broups binds one oxygen molecule to form 
oxyhaemoglobin. Dissociation Occurs in oxy- 
gen-depleted tissues: oxygen is released and 
haemoglobin is reformed. The haem groups 
also bind other inorganic molecules, includ- 
ing, carbon monoxide. i 
strongly than oxygen and competes with it 
(hence its toxicity). In Vertebrates, haemo- 
globin is contained in the red blood cells 
(*erythrocytes), 


haemolysis The breakdown of red blood 
cells. It may be due to the action of dis- 
ease-causing microorganisms, Poisons, an- 
libodies in mismatched blood transfusions, 
Or certain allergic reactions. It produces 
anaemia. 


hair 1. A multicellular threadlike Structure, 
consisting of many dead keratinized cells, 
that is produced by the epidermis in mam- 
malian *skin. The section of a hair below 
the skin surface (the root) is contained with- 
in a *hair follicle, the base of which produc- 
es the hair cells. Hair assists in maintaining 
body temperature by reducing heat loss 
from the skin. Bristles and whiskers are spe- 
cialized types of hair. 2. Any of various 
threadlike structures on Plants, such as a 
“trichome. 
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hair follicle A narrow tubular depression 
in mammalian skin containing the root of a 
"hair. It is lined with epidermal cells and 
extends down through the epidermis and 
dermis to its base in the subcutaneous tis- 
sue. The ducts of *sebaceous glands empty 
into hair follicles, 


hallux The innermost digit on the hind 
limb of a tetrapod vertebrate. In man it is 
the big toe and contains two phalanges. The 
hallux is absent in some mammals and in 
many birds it is directed backwards as an 
adaptation to Perching. Compare pollex. 


halophyte A plant that can tolerate a high 
concentration of salt in the soil. Such condi- 
tions occur in salt marshes and mudflats. 
Examples of halophytes are thrift (Armeria), 
sea lavender (Limonium), and rice grass 
(Spartina). 


haploid Describing a nucleus, cell, or or- 
ganism with a Single set of unpaired chro- 
mosomes. The haploid number is designated 
as n. Reproductive cells, formed as a result 
of *meiosis, are haploid. Fusion of two such 
cells (see fertilization) restores the normal 
(*diploid) number, 


haptotropism See thigmotropism. 
hardwood See wood, 


haustorium A Specialized structure of cer- 
tain parasitic plants that penetrates the cells 
of the host plant to absorb nutrients. In 
Parasitic fungi haustoria are formed from 
enlarged hyphae and in Parasitic flowering 
Plants, such as the dodder (Cuscuta), they 
are outgrowths of the stem. 


Haversian canals Narrow iubes within 
Compact *bone containing blood vessels and 
nerves. They generally run parallel to the 
bone surface. Each canal surrounded by a 
series of rings of bone (lamellae) is known 
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as a Haversian system. Haversian systems 
are joined to each other by bone material. 


health physics -The branch of medical 
Physics concerned with the protection of 
medical, scientific, and industrial workers 
from the hazards of ionizing radiation and 
other dangers associated with atomic phys- 
ics. Establishing the maximum permissible 
*dose of radiation, the disposal of radioac- 
live waste, and the shielding of dangerous 
Eipment are the principal activities in this 
ield. 


heart A hollow muscular organ that, by 
means of regular contractions, pumps blood 
through the circulatory system. Mammals 
have a four-chambered heart consisting of 
two atria and two ventricles; the right and 
left sides are completely separate from each 


aorta 


vena cava —. 
{from upper body) 


right atrium: 


vena cava 
(from lower body) 


tricuspid valve 
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other so there is no mixing of oxygenated 
and deoxygenated blood. Oxygenated blood 
from the pulmonary veins enters the heart 
through the left atrium, passes to the left 
ventricle, and leaves the heart through the 
*aorta. Deoxygenated blood from the *ve- 
nae cavae enters the right atrium and is 
pumped through the right ventricle to the 
pulmonary artery, which conveys it to the 
lungs for oxygenation. The mitral and bicus- 
pid valves ensure that there is no backflow 
of blood. The contractions of the heart are 
initiated and controlled by the *pacemaker; 
in an average adult human the heart con- 
tracts about 70 times per minute. 

The hearts of other vertebrates are similar 
except in the number of atria and ventricles 
(there may be one or two) and in the degree 
of separation of oxygenated and deoxygen- 
ated blood. Invertebrates, however, show 

pulmonary artery 


pulmonary vein 


bicuspid valve 


‘tendon supporting valve 


left ventricle 


nated blood [|__| oxygenated blood 


— direction of blood flow 
Structure of the mammalian heart 
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great variation in the form and functioning 
of the heart. 


heartwood (duramen) The wood at the 
centre of a tree trunk or branch. It consists 
of dead *xylem cells heavily thickened with 
lignin and provides structural Support. 
Many heartwood cells contain oils, gums, 
and resins, which darken the wood. Com- 
Pare sapwood. 


hecto- Symbol h. A prefix used in the met- 
ric system to denote 100 times. For exam- 
ple, 100 coulombs = 1 hectocoulomb (hC). 


heliotropism See phototropism. 
heme See haem. 


Hemiptera An order of insects comprising 
the true bugs. Hemipterans typically have 
oval flattened bodies with two pairs of 
wings, which are folded back across the ab- 
domen at rest. The forewings are hardened, 
either at their bases only (in the suborder 
Heteroptera) or uniformly (in the suborder 
Homoptera). The mouthparts are modified 
for piercing and sucking, with long slender 
stylets forming a double tube. Many bugs 
feed on plant sap and are serious agricultur- 
al pests, including aphids, leaf-hoppers, scale 
insects, mealy bugs, etc. Others are carnivo- 
rous, and the order contains many aquatic 
species, such as the water boatmen, which 
have legs adapted for swimming and the ex- 
change of respiratory gases. 


heparin A mucopolysaccharide with *anti- 
coagulant properties, occurring in vertebrate 
tissues, especially the lungs and blood ves- 
sels. 


Hepaticae A class of plants within the 
*Bryophyta comprising the liverworts, which 
occur in moist situations (including fresh 
water) and as epiphytes on other plants. 
The plant body may be a thallus, growing 
closely pressed to the ground (thallose liver- 


worts, e.g. Pellia), or it may bear many leaf- 
like lobes (leafy liverworts). It gives rise to 
leafless stalks bearing capsules. Spores 
formed in the capsules are released and 
grow to produce new plants. 


hepatic portal system The vein (hepatic 
Portal vein) or veins that transport blood 
containing the absorbed products of diges- 
tion from the intestine directly to the liver. 


herbaceous Describing a plant that con- 
tains little permanent woody tissue. The aer- 
ial parts of the plant die back after the 
growing season. In *annuals the whole plant 
dies; in *biennials and herbaceous *perenni- 
als the plant has organs (eg. bulbs or 
corms) that are modified to survive beneath 
the soil in unfavourable conditions. 


herbivore An animal that eats vegetation, 
especially any of the plant-eating mammals, 
such as ungulates (cows, horses, etc.). Herbi- 
vores are characterized by having teeth 
adapted for grinding plants and alimentary 
canals specialized for digesting cellulose (see 
caecum). 


hermaphrodite (biséxual) 1. An animal, 
such as the earthworm, that has both male 
and female reproductive organs. 2. A plant 
whose flowers contain both stamens and 
carpels. This is the usual arrangement in 
most plants. Compare monoecious; dioc- 
cious. 


herpesvirus One of a group of complex 
DNA-containing viruses causing infections 
in man and most other vertebrates that tend 
to recur. The group includes herpes simplex, 
the agent of cold sores; herpes varicella/zos- 
ter, the virus causing chickenpox and shin- 
gles; Epstein—Barr (EB) virus, thought to be 
the causal agent of glandular fever and also 
implicated in the cancer Burkitt's lympho- 
ma; and the *cytomegalovirus. 


hesperidium See berry. 
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heterochromatin See chromatin. 


heterodont Describing animals that possess 
teeth of more than one type (i.e. “incisors, 
“canine teeth, “premolars, and *molars), 
cach with a particular function. Most mam- 
mals are heterodont. Compare homodont. 


heterogametic sex The sex that is deter- 
mined by possession of two dissimilar *sex 
chromosomes (ie. XY). In humans and 
many other mammals this is the male sex. 
The heterogametic sex produces reproduc- 
tive cells (gametes) of two kinds, half con- 
taining an X chromosome and half a Y 
Chromosome. Compare homogametic sex. 


heterosis See hybrid vigour. 


heterotrophism A type of nutrition in 
which energy is derived from the intake and 
digestion of organic substances, normally 
Plant or animal tissues. The breakdown 
Products of digestion are used to synthesize 
the organic materials required by the organ- 
ism. All animals obtain their food this way; 
Le. they are heterotrophs. Compare autotro- 
phism. 


heterozygous Describing an organism that 
has two different *alleles controlling a par- 
ticular feature. The aspect of the feature 
displayed by the organism will be that de- 
termined by the *dominant allele. Heterozy- 
gous organisms do not breed true. Compare 
homozygous. 


hexose A ‘monosaccharide that has six 
carbon atoms in its molecules. 


hibernation A sleeplike state in which 
Some animals pass the winter months as a 
Way of surviving food scarcity and cold 
Weather. Various physiological changes oc- 
Cur, such as lowering of the body tempera- 
lure and slowing of the pulse rate and other 
vital processes, and the animal lives on its 
reserve of body fat. Animals that hibernate 
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include bats, hedgehogs, and many fish, 
amphibians, and reptiles. See also dorman- 
cy. Compare acstivation. 


hilum A scar on the seed coat of a plant 
marking the point at which the seed was 
attached to the fruit wall by the *funicle. It 
is a feature that distinguishes seeds from 
fruits. 


hindbrain (rhombencephalon) One of the 
three sections of the brain of a vertebrate 
embryo. It develops to form the *cerebel- 
lum, *pons, and *medulla oblongata, which 
control and coordinate fundamental physio- 
logical processes (including respiration and 
circulation of blood) Compare forebrain; 
midbrain. 


hindgut 1. The posterior part of the ali- 
mentary canal of vertebrates, comprising the 
posterior section of the colon. 2. The poste- 
rior section of the alimentary canal of ar- 
thropods. See also foregut; midgut. 


hip girdle See pelvic girdle. 


hippocampus A part of te vertebrate 
brain consisting of two ridges, one over 
each of the two lateral *ventricles. It is 
highly developed in advanced mammals 
(primates and whales) and its function ap- 
pears to be related to the expression of re- 
sponses that generate emotion (such as fear 


and anger). 


Hirudinea A class of freshwater and terres- 
trial annelid worms that comprises the 
leeches. They have suckers at both anterior 
and posterior ends but no bristles. Some are 
blood-sucking parasites of vertebrates and 
invertebrates but the majority are predators. 


histamine A substance that is released dur- 
ing allergic reactions, e.g. hay fever. Formed 
from the amino acid histidine, histamine 
can occur in various tissues but is concen- 
trated in connective tissue. It causes dilation 
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and increased permeability of small blood 
vessels, which results in such symptoms as 
localized swelling, itching, sneezing, and 
runny eyes and nose. The effects of hista- 
mine can be countered by the administra- 
tion of *antihistamine drugs. 


histidine See amino acid. 


histochemistry The study of the distribu- 
tion of the chemical constituents of tissues 
by means of their chemical reactions. It 
utilizes such techniques as “staining, light 
and electron microscopy, ‘autoradiography, 
and *chromatography. 


histocompatibility antigen See antigen; 
HL-A system. 


histology The microscopic study of the tis- 
sues of living organisms. The study of cells, 
a specialized branch of histology, is known 
as *cytology. 


histone Any of a group of water-soluble 
proteins found in association with the 
*DNA of plant and animal chromosomes. 
They contain a large proportion of the basic 
(positively charged) amino acids lysine, argi- 
nine, and histidine. They are believed to be 
involved in the condensation and coiling of 
chromosomes during cell division and have 
also been implicated in nonspecific suppres- 
sion of gene activity. Histones do not occur 
in vertebrate sperm /cells (see protamine) or 
in bacteria and blue-green algac. 


HL-A system (histocompatibility lym- 
phocyte-A system) A group of *antigens 
in man, present on the surface of cell mem- 
branes, that is important in determining the 
acceptance or rejection by the body of a tis- 
sue or organ transplant (see graft). These 
antigens are one group of the so-called his- 
tocompatibility (or transplantation) antigens. 
Successful transplantation requires a mini- 
mum number of HL-A differences between 
the donor's and recipient's tissues. 


Holocene (Recent) The most recent geo- 
logical epoch of the *Quaternary period, 
comprising roughly the past 10000 years 
since the end of the *Pleistocene up to the 
present. It follows the final glacial of the 
Pleistocene and thus is sometimes known as 
the Postglacial epoch. Some geologists con- 
sider the Holocene to be an interglacial 
phase of the Pleistocene that will be fol- 
lowed by another glacial. 


holocrine secretion See secretion. 


holoenzyme A complex comprising an en- 
zyme molecule and its *cofactor. Only in 
this state is an enzyme catalytically active. 
Compare apoenzyme. 


holophytic Describing organisms that feed 
like plants, ie. that are pbotoautotrophic. 
See autotrophism. 


holotype See type specimen. 


holozoic Describing organisms that feed 
like animals, i.e. that are heterotrophic. See 
heterotrophism. 


homeostasis The regulation by an organ- 
ism of the chemical composition of its 
blood and body fluids and other aspects of 
its *internal environment so that physiologi- 
cal processes can proceed at optimum rates. 
Examples of homeostatic regulation are the 
maintenance of the *acid—base balance and 


body temperature (see — homoiothermy; 
poikilothermy). 


hominid Any member of the primate fami- 
ly Hominidae, which includes man and his 


fossil ancestors (fossil hominids) in the genus 
*Homo. 


Homo The genus of primates that includes 
modern man (H. sapiens, the only living 
representative) and various extinct species. 
The Oldest Homo fossils are those of H. 
habilis, found in the Olduvai Gorge in 
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Tanzania in 1960 and estimated to be about 
1.75 million years old. The find was signifi- 
cant as it had been thought that man 
emerged in Asia rather than Africa. H. 
habilis appears to have been 1-1.5 m tall 
and had more manlike features and a larger 
brain than *Australopithecus. However, the 
direct ancestor of modern man is thought to 
be H. erectus, which includes Java man and 
Peking man and appeared about 1.5 million 
years ago. Fossils of H. erectus, which are 
Sometimes called Pithecanthropus (ape man), 
are similar to present-day man except that 
there was a prominent ridge above the eyes 
and no forehead or chin. They had crude 
Stone tools and used fire. H. sapiens ap- 
Peared about 100000 years ago as *Nean- 
derthal man and subsequently (about 35 000 
years ago) as *Cromagnon man. 


homodont Describing animals whose teeth 
are all of the same type. Most vertebrates 
fXcept mammals are homodont Compare 
heterodont, 


homogametic sex The sex that is deter- 
mined by possession of two similar *sex 
chromosomes (ie. XX). In humans and 
many other mammals this is the female sex. 
All the reproductive cells (gametes) pro- 
duced by the homogametic sex have the 
TA kind of sex chromosome (i.e. an X 
'omosome). Compare heterogametic sex. 


which The condition in a flower in 
the male and female reproductive or- 
mons mature at the same time, thereby al- 
lowing self-fertilization. Compare dichogamy. 


homoiothermy (warm-bloodedness) The 
maintenance by an animal of its intemal 
d lemperature at a relatively constant 
aie by using metabolic processes to 
us nteract fluctuations in the temperature of 
bird environment. Homoiothermy occurs in 
the, and mammals. The heat produced by 
the tissue metabolism and the heat lost to 

environment are balanced by various 
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HOMOZYGOUS 


means to keep body temperature constant: 
36-38°C in mammals and 38-40°C in 
birds. The ‘hypothalamus in the brain 
monitors blood temperature and controls 
thermoregulation by both nervous and hor- 
monal means. This produces both short- 
term responses, such as shivering or sweat- 
ing, and long-term adjustments to metabo- 
lism according to seasonal changes in cli- 
mate (acclimatization). Warm-blooded 
animals generally possess insulating feathers 
or fur. Their relatively high internal temper- 
ature permits fast action of muscles and 
nerves and enables them to lead highly ac- 
tive lives even in cold climates. However, in 
certain animals, homoiothermy is abandoned 
during periods of “hibernation. Compare 
poikilothermy. 


homologous Describing features of organ- 
isms that have the same cvolutionary origin 
but have developed different functions. For 
example the wings of a bat, the flippers of a 
dolphin, and the arms of a man are homol- 
ogous organs, having evolved from the 
paired pectoral fins of a fish ancestor. Com- 


pare analogous. 


homologous chromosomes Chromosomes 
having the same structural features. In *dip- 
loid nuclei, pairs of homologous chromo- 
somes can be identified at the start of meio- 
sis. One member of each pair comes from 
the female parent and the other from the 
male. Homologous chromosomes have the 
same pattern of genes along the chromo- 
some but the nature of the genes may differ 


(see allele). 


homoplastic Denoting similarity resulting 
from “convergent evolution. Compare patris- 
tic. 


homozygous Describing an organism hav- 
ing two identical *alleles controlling a par- 
ticular feature (these may be either domi- 
nant or recessive). Homozygous organisms 


HORMONE 


breed true when crossed with genetically 
identical organisms. Compare heterozygous. 


hormone 1. A substance that is manufac- 
tured and secreted in very small quantities 
into the bloodstream by an *endocrine 
gland or a specialized nerve cell (see 
neurohormone) and regulates the growth or 
functioning of a specific tissue or organ in a 
distant part of the body. For example, the 
hormone *insulin controls the rate and 
manner in which glucose is used by the 
body. Other hormones include the *sex hor- 
mones, “corticosteroids, *adrenaline, *thy- 
Toxine, and *growth hormone. 2. A plant 
*growth substance. 


horsetails See Sphenopsida. 


host An organism whose body provides 
nourishment and shelter for another. See 
parasitism. 


humerus The long bone of the upper arm 
of tetrapod vertebrates, Tt articulates with 
the *scapula (shoulder blade) at the *gle- 
noid cavity and with the *ulna and *radius 
(via a *condyle) at the elbow, 


humus The dark-coloured amorphous col- 
loidal material that constitutes the organic 
component of soil. It is formed by the de- 
composition of plant and animal remains 
and excrement and has a complex and vari- 
able chemical composition. Being a colloid, 
it can hold water and therefore. improves 
the water-retaining Properties of soil; it also 
enhances soil fertility and workability. Acid- 
ic humus (mor) is found in regions of conif- 
erous forest, where the decay is brought 
about mainly by fungi. Alkaline humus 
(mull) is typically found in grassland and 
deciduous forest: it supports an abundance 
of microorganisms and small animals (eg. 
earthworms). 


hybrid The offspring of a mating in which 
the parents differ in at least one characteris- 
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tic. The term is usually used of offspring of 
widely different parents, e.g. different vari- 
eties or species. Hybrids between different 
animal species are usually sterile, as is the 
mule (a cross between a horse and a don- 
key). See also hybrid vigour. 


hybrid vigour (heterosis) The increased 
vigour displayed by the offspring from a 
Cross between genetically different parents. 
Hybrids from crosses between different crop 
varieties (F, hybrids) are often stronger and 
produce better yields than the original vari- 
eties. Mules, the offspring of mares crossed 
with donkeys, have greater strength and re- 
sistance to disease and a longer lifespan 
than either parent. 


hydathode A pore found in the *epidermis 
of the leaves of certain plants. Like *stoma- 
ta, hydathodes are surrounded by two cres- 
cent-shaped cells but these, unlike guard 
cells, do not regulate the size of the aper- 
ture. Hydathodes are used by the plant to 
secrete water under conditions in which 
“transpiration is inhibited; for example, 
when the atmosphere is very humid. This 
process of water loss is called guttation. 


hydrocortisone See cortisol. 


hydrogen bond A type of electrostatic in- 
teraction between molecules occurring in 
molecules that have hydrogen atoms bound 
to electronegative atoms (F, N, O). It is a 
strong dipole-dipole attraction caused by 
the electron-withdrawing properties of the 
electronegative atom. Thus, in the water 
molecule the oxygen atom attracts the elec- 
trons in the O-H bonds. The hydrogen at- 
om has no inner shells of electrons to shield 
the nucleus, and there is an electrostatic in- 
teraction between the hydrogen proton and 
a lone pair of electrons on an oxygen atom 
ina neighbouring molecule, Each oxygen at- 
om has two lone pairs and can make hydro- 
gen bonds to two different hydrogen atoms. 
The strengths of hydrogen bonds are about 


one tenth of the strengths of normal cova- 
lent bonds. Hydrogen bonding does, how- 
ever, have significant effects on physical 
properties. Thus it accounts for the unusual 
Properties of water and for its relatively 
high boiling point. It is also of great impor- 
lance in living organisms. Hydrogen bond- 
ing occurs between bases in the chains of 
DNA (see base pairing). It also occurs be- 
tween the C=O and N-H groups in pro- 
teins, and is responsible for maintaining the 
Secondary structure, 


hydrophily A rare form of pollination in 
Which pollen is carried to a flower by water. 
It occurs by one of two methods. In Cana- 
dian pondweed (Elodea canadensis) the male 
flowers break off and float downstream un- 
til they contact the female flowers. In Zos- 
m. a marine species, the filamentous pol- 
en grains are themselves carried in the 
Water. Compare anemophily; entomophily. 


hydrophyte Any plant that lives either in 
Very wet soil or completely or partially sub- 
merged in water, Structural modifications of 
hydrophytes include the reduction of 
Mechanical and supporting tissues and vas- 
cular tissue, the absence or reduction of a 
root system, and specialized leaves that may 
be either floating or finely divided, with lit- 
lle or no cuticle. Examples of hydrophytes 
are waterlilies and certain pondweeds. Com- 
Pare mesophyte; xerophyte. 


hydroponics A commercial technique for 
Browing certain crop plants in culture solu- 
tions rather than in soil. The roots are im- 
Ex) in an aerated solution containing the 
ir Proportions of essential mineral 
oe - The technique is based on various 
ter culture methods used in the laborato- 
ry to assess the effects of the absence of 
certain mineral elements on plant growth. 


h " 

a drotropism The growth of a plant part 
sponse to water. Roots, for example, 

Brow towards water in the soil. See tropism. 


117 


HYOID ARCH 


5-hydroxytryptamine See serotonin. 


hygroscopic Describing a substance that 
can take up water from the atmosphere. See 
also deliquescence. 


Hymenoptera An order of insects that in- 
cludes the ants, bees, wasps, ichneumon 
flies, and sawflies. Hymenopterans generally 
have a narrow waist between thorax and ab- 
domen. The smaller hindwings are inter- 
locked with the larger forewings by a row of 
tiny hooks on the leading edges of the 
hindwings. Some species are wingless. The 
mouthparts are typically adapted for biting, 
although some advanced forms (eg. bees) 
possess a tubelike proboscis for sucking liq- 
uid food, such as nectar. The long slender 
*ovipositor can serve for sawing, piercing, 
or stinging. Metamorphosis occurs via a pu- 
pal stage to the adult form. *Parthenogenc- 
sis is common in the group. 

Ants and some bees and wasps live in 
colonies, often comprising numerous individ- 
uals divided into *castes and organized into 
a coordinated and complex society. The col- 
ony of the honeybee (Apis mellifera), for ex- 
ample, consists of workers (sterile females), 
drones (fertile males), and usually a single 
fertile female — the queen. The sole concern 
of the queen is egg laying. Shc determines 
the gender of the egg by either withholding 
or releasing stored sperm. Unfertilized eggs 
become males; fertilized eggs become fe- 
males. The workers fulfil a variety of tasks, 
including nursing the developing larvae, 
building the wax cells (combs) of the hive, 
guarding the colony, and foraging for nectar 
and pollen. The single function of the larger 
drones is to mate with the young queen on 
her nuptial flight. 


hyoid arch The second of seven bony V- 
shaped arches that support the gills of prim- 
itive vertebrates. In advanced vertebrates, 
part of the hyoid arch has evolved to form 
the stapes (one of the *ear ossicles). The 


HYPER- 


rest of it forms the hyoid bone, which sup- 
ports the tongue. 


hyper- A prefix denoting over, above, high; 
e.g. hypertensive. 


ON 


image formed 
eye 


behind retina 


sharp 
image 
on retina 


eye 


Hypermetropia 


hypermetropia (hyperopia) Long-sighted- 
ness. A vision defect in which the lens of 
the eye is unable to accommodate sufficient- 
ly to throw the image of near objects onto 
the retina. It is caused usually by shortness 
of the eyeball rather than any fault in the 
lens system. The Subject requires spectacles 
with converging lenses to bring the image 
from behind the retina back on to its sur- 
face. 


hyperplasia Increase in the size of a tissue 
or organ due to an increase in the number 
of its component cells, Compare hypertro- 
phy. 


hypertension See blood pressure. 


hypertonic solution A solution that has a 
higher osmotic pressure than some other so- 
lution. 


hypertrophy An increase in the size of a 
tissue or organ due to an increase in the 
size of its component cells. Hypertrophy of- 


ten occurs in response to an increased work- 
load in an organ, which may result from 
malfunction or disease. Compare hyperpla- 
sia. 


hypha A delicate filament in fungi many of 
which may form either a loose network 
(*mycelium) or a tightly packed interwoven 
mass of *pseudoparenchyma, as in the fruit- 
ing body of mushrooms. Hyphae may be 
branched or unbranched and may or may 
not possess cross walls. The cell wall con- 
sists of either fungal cellulose or a nitroge- 
nous compound called *chitin. The cell wall 
is lined with cytoplasm, which often con- 
tains oil globules and glycogen, and there is 
a central vacuole. The hyphae produce en- 
zymes that in parasitic fungi digest the host 
tissue, and in saprophytic fungi digest dead 
organic matter. 


hypo- A prefix denoting under, below, low; 
e.g. hypotonic. 


hypocotyl The region of the stem beneath 
the stalks of the seed leaves (*cotyledons) 
and directly above the young root of an em- 
bryo plant. It grows rapidly in seedlings 
showing *epigeal germination and lifts the 
cotyledons above the soil surface. In this re- 
Bion (the transition zone) the arrangement of 
vascular bundles in the root changes to that 
of the stem. Compare epicotyl. 


hypodermis (exodermis) The outermost 
layer of cells in the plant *cortex, lying im- 
mediately below the epidermis. These cells 
are sometimes modified to give additional 
Structural support or to store food materials 
or water. After the loss of the *piliferous 
layer of the root the hypodermis takes over 
the protective functions of the epidermis. 


hypogeal 1. Describing seed germination m 
Which the seed leaves (cotyledons) remain 
below ground. Examples of  hypogeal 
germination are seen in oak and runner 
bean. Compare epigeal. 2. Describing fruit- 
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ing bodies that develop underground, such 
as truffles and peanuts. 


hypophysis See pituitary gland. 


hypothalamus Part of the vertebrate brain 
that is derived from the *forebrain and lo- 
cated on the ventral surface below the 
"thalamus and the *cerebrum. The hypo- 
thalamus regulates a wide variety of physio- 
logical processes, including maintenance of 
body temperature, water balance, sleeping, 
and feeding, via both the *autonomic ner- 
mous system (which it controls) and the 
‘neuroendocrine system. Its endocrine func- 
tions are largely mediated by the “pituitary 
gland. The pituitary responds to hormone- 
like substances released from the hypothala- 
mus, which thereby indirectly controls hor- 
mone production in other glands. 


hypotonic solution A solution that has a 
lower osmotic pressure than some other so- 
lution, 


TAA (indoleacetic acid) See auxi:. 


ice age A period in the earth’s history dur- 
ing which ice advanced towards the equator 
and a general lowering of temperatures oc- 
curred. The last major ice age, that of the 
Pleistocene period (sometimes known as the 
Ice Age), ended about 10000 years ago. At 
least four major ice advances (glacials) oc- 
curred during the Pleistocene period; these 
Were separated by interglacials during which 
the ice retreated and temperatures rose. At 
Present it is not known if the earth is be- 
tween ice ages or is in an interglacial. It has 
= established that ice ages also occurred 
luring the Precambrian (about 500 million 
years ago) and during the Permo-Carbonif- 
erous (about 250 million years ago). 
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IMMERSION OBJECTIVE 
ICSH See luteinizing hormone. 


identical twins (monozygotic twins) Two 
individuals that develop from a single fertil- 
ized egg cell by its division into two geneti- 
cally identical parts. Each part eventually 
gives rise to a separate individual and these 
twins are therefore identical in every re- 
spect. Compare fraternal twins. 


idiogram See karyogram. 


ileum The portion of the mammalian 
*small intestine that follows the *jejunum 
and precedes the *large intestine. It is a site 
of digestion and absorption. The internal 
lining of the ileum bears numerous small 
outgrowths (see villus), which increase its 
absorptive surface area. 


ilium The largest of the three bones that 
make up cach half of the *pelvic girdle. The 
ilium bears a flattened wing of bone that is 
attached by ligaments to the sacrum (see sa- 
cral vertebrae). See also ischium; pubis. 


imago The adult sexually mature stage in 
the life cycle of an insect after metamorpho- 


sis. 


imbibition The uptake of water by sub- 
stances that do not dissolve in water, so 
that the process results in swelling of the 
substance. Imbibition is a property of many 
biological substances, including cellulose 
(and other constituents of plant cell walls), 
starch, and some proteins. It occurs in dry 
seeds before they germinate and — together 
with osmosis — is responsible for the uptake 
of water by growing plant cells. 


immersion objective An optical micro- 
scope objective in which the front surface of 
the lens is immersed in a liquid on the cov- 
er glass of the microscope specimen slide. 
Cedar-wood oil (for an oil-immersion lens) 
or sugar solution is frequently used. It has 
the same refractive index as the glass of the 


IMMUNE RESPONSE 


slide, so that the object is effectively im- 
mersed in it. the presence of the liquid in- 
creases the effective aperture of the objec- 
tive, thus increasing the resolution. 


immune response The reaction of the 
body to foreign or potentially dangerous 
substances (*antigens), particularly disease- 
producing microorganisms. The response 
volves the production by specialized white 
blood cells (*lymphocytes) of proteins 
known as *antibodies, which react with the 
antigens to render them harmless. The an- 
libody-antigen reaction is highly specific. 
See also anaphylaxis; immunity. 


immunity The state of relative insuscep- 
tibility of an animal to infection by disease- 
Producing organisms or to the harmful ef- 
fects of their poisons (toxins). Immunity de- 
pends on the presence in the blood of *an- 
Ubodies and white blood cells 
(*lymphocytes), which produce an 


against an invading foreign substance (*anti- 
gen), either through infection or *immuniza- 
lion; passive immunity is induced by injec- 
tion of serum taken from an individual 
already immune to a particular antigen. Ac- 
live immunity tends to be long-lasting; pas- 
sive immunity is short-lived. See also 
autoimmunity. 


immunization The Production of *immuni- 
ty in an individual by artificial means, Ac- 
tive immunization (vaccination) involves the 
introduction, either orally or by injection 
(inoculation), of specially treated bacteria, vi- 
Tuses, or their toxins to stimulate the pro- 
duction of *antibodies (see Vaccine). Passive 
immunization is induced by the injection of 
preformed antibodies. 


immunoglobulin One of a Broup of pro- 
teins (*globulins) in the body that act as 
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“antibodies. They are produced by special- 
ized white blood cells (*lymphocytes) and 
are present in blood serum and other body 
fluids. 


imperfect fungi See Fungi Imperfecti. 


Imperial units The British system of units 
based on the pound and the yard. The for- 
mer Íp.s. system was used in engineering 
and was loosely based on Imperial units; 
for all scientific purposes *SI units are now 
used. Imperial units are also being replaced 
for general purposes by metric units. 


implantation (nidation) (in embryology) 
The embedding of a fertilized mammalian 
egg into the wall of the uterus (womb) 
where it will continue its development. After 
fertilization in the fallopian tube the egg 
Passes into the womb in the form of a ball 
of cells (blastocyst). Its outer cells destroy 
cells of the uterine wall, forming a cavity 
into which the blastocyst sinks, 


imprinting A Specialized form of *learning 
in which young animals, during ‘a critical 
Period in their early development, learn to 
Tecognize and approach some large moving 
Object nearby. In nature this is usually the 
mother, though simple models or individuals 
Of a different Species (including man) may 
Suffice. Imprinting was first described by 
Konrad Lorenz (1903. ) working with 
Yc ng ducks and geese. 


impulse (nerve impulse) The signal that 
travels along the length of a *nerve fibre 
and is the means by which information is 
transmitted through the nervous system. It 
is marked dy the flow of ions across the 
Membrane of the *axon caused by changes 
in the Permeability of the membrane, pro- 
ducing a reduction in Potential difference 
that can be detected as the *action poten- 
tial. The Strength of the impulse produced 
in any nerve fibre is constant (see all-or- 
none response). 


inbreeding Mating between closely related 
individuals, the extreme condition being 
self-fertilization, which occurs in many 
plants and some primitive animals. A popu- 
lation of inbreeding individuals generally 
shov.s less variation than an *outbreeding 
Population. Continued inbreeding among a 
aly outbreeding population leads to in- 
veeding depression (the opposite of *hybrid 
vigour) and an increased incidence of harm- 
ful characteristics. For example, in humans, 
certain mental and other defects tend to oc- 
cur more often in families with a history of 
cousin marriages. 


incisor A sharp flattened chisel-shaped 
tooth in mammals that is adapted for biting 
food and — in rodents — for gnawing. In 
humans there are normally two pairs of in- 
cisors (central and lateral) in each jaw. 


inclusive fitness The quality that organ- 
isms attempt (unconsciously) to maximize as 
the result of natural selection acting on 
Benes that are influential in controlling their 
behaviour and physiology. It includes the 
individual's own reproductive success (usually 
taken as the number of its offspring that 
Survive to adulthood) and also the effects of 
the individual's actions on the reproductive 
Success of its relatives, because relatives 
have a higher probability of sharing some 
identical genes with the individual than do 
other members of the population. When in- 
teractions between relatives are likely to 0c- 
cur (which happens during the lives of 
many animals and plants) *kin selection will 
Operate, 


incompatibility 1. The condition that ex- 
ists when foreign grafts or blood transfu- 
sions evoke a marked *immune response 
and are rejected. 2. The phenomenon in 
which pollen from ane flower fails to fertil- 
E- Other flowers on the same plant (self- 
M PED) or on other genetically simi- 
m Pants This genetically determined 

anism prevents self-fertilization (breed- 
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INDICATOR SPECIES 


ing between likes) and promotes cross-fertil- 
ization (breeding between individuals with 
different genetic compositions). See also al- 
logamy; fertilization; pollination. 


incomplete dominance The condition that 
arises when neither *allele controlling a 
characteristic is dominant and the aspect 
displayed by the organism results from the 
partial influence of both alleles. For exam- 
ple, a snapdragon plant with alleles for red 
and for white flowers produces pink flowers. 
Compare co-dominance. 


incus (anvil) The middle of the three "ear 
ossicles of the mammalian middle ear. 


indefinite inflorescence See racemose in- 
florescence. 


independent assortment The separation of 
the alleles of one gene into the reproductive 
cells (gametes) independently of the way in 
which the alleles of other genes have segre- 
gated. By this process all possible combina- 
tions of alleles should occur equally fre- 
quently in the gametes. In practice this does 
not happen because alleles situated on the 
same chromosome tend to be inherited to- 
gether. However, if the allele pairs Aa and 
Bb are on different chromosomes, the com- 
binations AB, Ab, aB, and ab will normally 
be equally likely to occur in the gametes. 
See meiosis; Mendel's laws. 


index fossil (zone fossil) An animal *fos- 
sil of a group that existed continuously dur- 
ing a particular span of geological time and 
can therefore be used to date the rock in 
which it is found. Index fossils are found 
chiefly in sedimentary rocks. They are an 
essential tool in stratigraphy for comparing 
the geological ages of sedimentary rock for- 
mations. Examples are *ammonites and 
*graptolites. 


indicator, species A plant or animal spe- 
cies that is very sensitive to a particular en- 


INDIGENOUS 


vironmental factor, so that its presence (or 
absence) in an area can provide information 
about the levels of that factor. For example, 
some lichens are very sensitive to the con: 
centration of sulphur dioxide (a major pol- 
lutant) in the atmosphere. Examination of 
the lichens present in an area can provide a 
good indication of the prevailing levels of 
sulphur dioxide. 


indigenous Describing a Species that occurs 
naturally in a certain area, as distinct from 
one introduced by man; native. 


indoleacetic acid (IAA) See auxin. 


induction 1. (in embryology) The ability of 
natural stimuli to cause unspecialized em- 
bryonic tissue to develop into Specialized 


tissue. 2. (in obstetrics) The initiation of 
childbirth by artificial means; 


for cxample, 
by injection of the hcrmone *o 


xytocin, 


indusium The kidne 
the *sorus of certain 
developing sporangia. 
sorus ripens to expose 


y-shaped Covering of 
ferns that protects the 
It withers when the 
the sporangia, 


industrial melanism The increase of me- 
lanic (dark) forms of an animal in areas 
darkened by industrial Pollution. The exam- 
ple most often quoted is that of the pep. 
pered moth (Biston betularia), melanic forms 
of which markedly increased in the industri- 
al north of England during the 19th cen- 
tury. Experiments have shown that the dark 
forms increase in Polluted regions because 
they are less easily seen by birds against a 
dark background; Conversely the paler forms 
survive better in unpolluted areas, 


infection The invasion of any living organ- 
ism by disease-causing microorganisms (see 
pathogen), which proceed to establish them- 
selves, multiply, and produce Various symp- 
toms in their host. Pathogens may invade 
via a wound or (in animals) through the 
mucous membranes lining the alimentary, 
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respiratory, and reproductive tracts, and 
may be transmitted by an infected individu- 
al, a “carrier, or an insect *vector. Symp- 
toms in animals appear after an initial 
symptomless incubation period and typically 
consist of localized *inflammation, often 
with pain and fever. Infections are combat- 
ted by the body's natural defences (see im- 
mune response). Treatment with drugs (E 
antibiotic; antiseptic) is effective against 
most bacterial, fungal, and protozoan infec- 
tions but not against viral infections. See al- 
50 immunization. 


inferior Describing a structure that is posi- 
tioned below or lower than another struc- 
ture in the body. For example, in flowering 
Plants the ovary is described as inferior 
when it is located below the other organs of 
the flower (see epigyny). Compare superior. 


inflammation The defence reaction of tis- 
Sue to injury, infection, or irritation by 
chemicals or physical agents. Cells in the af- 
fected tissue release a chemical (*histamine) 
that causes localized dilatation of blood ves- 
sels so that fluid leaks out and blood flow 
is increased. This leads to swelling, redness. 
heat, and often pain. White blood cells, par- 
ticularly *phagocytes, enter the tissue and 
an "immune response is stimulated. A grad- 
ual healing Process usually follows. 


inflorescence A Particular arrangement of 
flowers on a single main stalk of a plant. 
There are many different types of inflores- 
cence, which are classified into two main 
groups depending on whether the tip of the 
flower axis goes on Producing new flower 
buds during growth (see racemose inflores- 


cence) or loses this ability (see cymose inflo- 
Tescence), 


inhibition 1. (in biochemistry) A reduction 
in the rate of an enzyme-catalysed reaction 
by substances called inhibitors. If the inhibi- 
tor molecules resemble the substrate mole- 


cules they may bind to the active site of the 


enzyme, so preventing normal enzymatic ac- 
tivity. Alternatively they may form a com- 
plex with the substrate-enzyme intermedi- 
ate or irreversibly destroy the enzyme 
configuration and active-site properties. The 
toxic effects of many substances are pro- 
duced in this way. Inhibition by reaction 
Products (feedback inhibition) is important in 
the control of enzyme activity. 2. (in physi- 
ology) The prevention or reduction of the 
activity of effectors (such as muscles) by 
means of certain nerve impulses. Inhibitory 
activity often provides a balance to stimula- 
tion of a process; for example, the impulse 
to stimulate contraction of a voluntary mus- 
cle may be accompanied by an inhibitory 
impulse to prevent contraction of its antago- 
nist. 


initial One of a group of cells (or, in lower 
plants, a single cell) that divides to produce 
the cells of a plant tissue or organ. The 
cells of the apical meristem, cambium, and 
cork cambium are initials. 


innate behaviour An inherited pattern of 
behaviour that appears in a similar form in 
all normally reared individuals of the same 
Sex and species. See instinct. 


inner ear The structure in vertebrates, Sur- 
rounded by the temporal bone of the skull, 
that contains the organs of balance and 
hearing. It consists of soft hollow sensory 
Structures (the membranous labyrinth), con- 
taining fluid (endolymph), surrounded by flu- 
id (perilymph), and encased in a bony cavity 
(the bony labyrinth). |t consists of two 
chambers, the sacculus and utriculus, that 
bear the *cochlea and ‘semicircular canals 
respectively, 


innervation The supply of nerve fibres to 
and from an organ. 


Tunouinate artery A short artery that 
eranctics from the aorta to divide into the 
‘subclavian artery (the main artery to th 
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arm) and the right *carotid artery (which 
supplies blood to the head). 


innominate bone One of the two bones 
that form each half of the *pelvic girdle in 
adult vertebrates. This bone is formed by 
the fusion of the *ilium, *ischium, and *pu- 
bis. 


Insecta (Hexapoda) A class of arthropods 
comprising some 700 000 known species, but 
many more are thought to exist. They are 
distributed worldwide in nearly all terrestrial 
habitats. Ranging in length from 0.5 to over 
300 mm, an insect's body consists of a head, 
a thorax of three segments and usually bear- 
ing three pairs of legs and one or two pairs 
of wings, and an abdomen of eleven seg- 
ments. The head possesses a pair of sensory 
*antennae and a pair of large *compound 
eyes, between which are threc simple eyes 
(*ocelli. The *mouthparts are variously 
adapted for cither chewing or sucking, ena- 
bling insects to feed on a wide range of 
plant and animal material Insects owe 
much of their success to having a highly 
waterproof “cuticle (to resist desiccation) 
and wings -outgrowths of the body wall 
that confer the greater mobility of flight. 
Breathing occurs through a network of tubes 
(see trachea). 

Most insect species have separate sexes 
and undergo sexual reproduction. In. some, 
this may alternate with asexual *partheno- 
genesis and in a few, males are unknown 
and reproduction is entirely asexual. The 
newly hatched young grow by undergoing a 
series of moults. In the more primitive 
groups, €g- *Dermaptera, *Dictyoptera, and 
*Hemiptera, the young (called a *nymph) 
resembles the adult. More advanced groups, 
eg. "Coleoptera, *Diptera, *Lepidoptera, 
and *Hymenoptera, undergo *metamorpho- 
sis, in which the young (called a *larva) is 
transformed into a quiescent *pupa from 
which the fully formed adult emerges. In- 
sects are of vital importance in many eco- 
systems and many are of economic signifi- 


INSECTIVORA 


cance to man — as animal or plant pests or 
disease vectors or beneficially as crop pol- 
linators or producers of silk, honey, etc. 


Insectivora An order of small, mainly noc- 
tumal, mammals that includes the hedg- 
€hogs, moles, and shrews. They have long 
snouts covered with stiff tactile hairs and 
their teeth are specialized for seizing and 
crushing insects and other small prey. The 
insectivores have changed very little since 
they evolved in the Cretaceous Period, 130 
million years ago. 


insectivore An animal that cats insects, es- 
pecially a mammal of the order Insectivora 
(hedgehogs, shrews, etc.), 


insectivorous plant See carnivorous plant. 


instar A stage in the larval development of 
an insect between two moults (ecdyses). 
There are usually a number of larval instars 
before the pupal stage and metamorphosis. 


instinct An innate tendency to behave in a 
Particular way, which does not depend criti- 
cally on particular learning experiences for 
its development and therefore is seen in a 
similar form in all normally reared individu- 
als of the same sex and species. Much in- 
Stinctive behaviour takes the form of fixed 
action patterns. These are movements that — 
Once started. — are performed in à stereo- 
typed way unaffected by external stimuli. 
For example, a frog’s Prey-catching tongue 
flick is performed in the same way whether 
Or not anything is caught. Some complex in- 
stinctive behaviour, however, requires some 
learning by the animal before it is Perfected. 
Birdsong, for example, consists of an innate 
component that is modified and made more 
complex by the influence of other birds, the 
habitat, etc. 


insulin A protein hormone, secreted by the 
*islets of Langerhans in the Pancreas, that 
Promotes the uptake of glucose by body 
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cells and thereby controls its concentration 
in the blood. Insulin was the first protein 
whose amino-acid sequence was fully deter- 
mined (in 1955). Underproduction of insulin 
Tesults in the accumulation of large amounts 
of glucose in the blood and its subsequent 
excretion in the urine. This condition, 
known as diabetes mellitus, can be treated 
successfully by insulin injections. 


integration (in physiology) The coordina- 
tion within the brain of separate but related 
nervous processes. For example, sensory in- 
formation from the inner ear and the cye 
are both necessary for the sense of balance. 
These stimuli must be integrated by the 
brain not only with each other but also with 
various motor nerves, which coordinate the 
muscles that control posture. 


integument 1. The outermost body layer 
of an animal, characteristically comprising à 
layer of living cells — the *epidermis — to- 
gether with a superficial Protective coat, 
Which may be a secreted hardened *cuticle, 
as in arthropods, or dead keratinized cells, 
as in vertebrates (see skin) 2. The outer 
Protective covering of a plant *ovule. It is 
perforated by a small pore, the *micropyle. 
Usually two integuments are present in an- 
giosperms and one in gymnosperms. After 


fertilization the integuments form the *testa 
of the seed. 


intercellular (in biology) Located or occur- 
ring between cells. Compare intracellular. 


intercostal muscles The muscles located 
between the *ribs, Surrounding the lungs. 
They play an essential role in breathing (see 
respiratory movement). 


interferon Any of a number of proteins 
that increase the Tesistance of a cell to at- 
tack by viruses by unmasking genes that 
synthesize antiviral Proteins. In humans, 
three groups of interferons have been dis- 
covered: alpha interferons from white blood 


cells; beta interferons from connective tissue 
fibroblasts; and gamma interferons from 
lymphocytes. Interferons are also produced 
by lymphocyte ‘killer cells’, which attack al- 
tered tissue cells, such as cancer cells. This 
converts other normal lymphocytes to killer 
cells and effects other changes in the im- 
mune system. Interferon is therefore of great 
Potential use in treating both acute viral in- 
fections and cancer. 


internal environment The conditions that 
evel within the body of an organism, par- 
icularly with respect to the composition of 
the intercellular fluid. Selective absorption 
of materials across cell membranes plays a 
large part in controlling the internal envi- 
ronment of both animals and plants. Ani- 
mals in addition can regulate their body 
fluids by the action of hormones and the 
nervous system. See homeostasis. 


internode 1. (in botany) The part of a 
Plant stem between two *nodes. 2. (in neu- 
wee) The myelinated region of a nerve fi- 

re between two nodes of Ranvier. See my- 
elin sheath. 


interphase The period following the com- 
Pletion of *cell division, when the nucleus is 
bs dividing. During this period changes in 
both the nucleus and the cytoplasm result 
in the complete development of the daugh- 
ter cells, 


aaa An organism displaying character- 
s uet are intermediate between those of 
z Wpical male and typical female of its 
Do For example, a human intersex may 
t e testes that fail to develop, so that al- 
E is technically a man he has the 
ES appearance of a woman. Intersexes 
pas E produced in various ways; for €x- 
prium by malfunctioning of the sex hor- 
es. See also hermaphrodite. 


interstiti ^ z 
ma a tial-cell-stimulating hormone See 
nizing hormone. 


INVOLUNTARY MUSCLE 


intestine The portion of the ‘alimentary 
canal posterior to the stomach, Its major 
functions are the final digestion of food 
matter from the stomach, the absorption of 
soluble food matter, the absorption of 
water, and the production of “faeces. See 
large intestine; small intestine. 


intracellular (in biology) Located or occur- 
ring within cells. Compare intercellular. 


inulin A polysaccharide, made up from 
fructose molecules, that is stored as a food 
reserve in the roots or tubers of many 
plants, such as the dahlia. 


in vitro Describing biological processes that 
are made to occur outside the living body, 
in laboratory apparatus (literally ‘in glass’, 
ie. in a test tube). Compare in vivo. 


in vivo Describing biological processes as 
they are observed,to occur in their natural 
environment, ie. within living organisms. 
Compare in vitro. 


involucre A protective structure in some 
flowering plants and bryophytes. In flower- 
ing plants it consists of a ring of *bracts 
arising beneath the flower cluster of those 
species with a *capitulum (ie. members of 
the dandelion family) or an *umbel (i.e. 
members of the carrot family. In bryo- 
phytes the involucre is a projection of tissue 
from the thallus that arches over the devel- 
oping *archegonium. 


involuntary muscle (smooth muscle) 
Muscle whose activity is not under the con- 
trol, of the will; it is supplied by the *auto- 
nomic nervous system. Involuntary muscle 
comprises long spindle-shaped cells without 
striations. These cells occur singly, in 
groups, or as sheets in the skin, around hair 
follicles, and in the digestive tract, respira- 
tory tract, urinogenital tract, and the circu- 
latory system. The cells contract slowly in 
spontancous rhythms or when stretched; 


INVOLUTION 


they may show sustained contraction (tonus) 
for long periods without fatigue. Compare 
voluntary muscle. 


involution 1. A decrease in the size-of an 
organ or the body. It may be associated 
with functional decline, as occurs in the 
ageing process, or follow enlargement, as 
when the uterus returns to its normal size 
after pregnancy. 2. The turning or rolling 
inwards of cells that occurs during the de- 
velopment of some vertebrate embryos. 


ionizing radiation Radiation of sufficiently 
high energy to cause ionization in the medi- 
um through which it passes. It may consist 
of a stream of high-energy Particles (e.g. 
electrons, protons, alpha-particles) or short- 
wavelength electromagnetic radiation (ultra- 
violet, X-rays, gamma-rays). This type of ra- 
diation can cause extensive damage to the 
molecular structure of a substance either as 
a result of the direct transfer of energy to 
its atoms or molecules or as a result of the 
secondary electrons released by ionization. 
In biological tissue the effect of ionizing ra- 
diation can be Very serious, usually as a 
consequence of the ejection of an electron 
from a water molecule and the oxidizing or 
reducing effects of the resulting highly reac- 
tive species: 
H;0— e- + HjO* + H,0+ 
‘OH + HOt + H, 

where the dot before a radical indicates an 
unpaired electron and * denotes an excited 
species. 


iridium anomaly The occurrence of unusu- 
ally high concentrations of the relatively 
scarce metal iridium at the boundaries of 
certain geological strata. Two such layers 
have been discovered, one at the end of the 
Cretaceous, 65 million years ago, and the 
second at the end of the Eocene, 34 million 
years ago. One theory to account for these 
Suggests that on each occasion a huge iridi- 
um-containing meteorite may have collided 
with the earth, producing a cloud of dust 


that settled out to form an iridium-rich lay- 
er. The environmental consequences of such 
an impact, notably in causing a general 
warming of the earth by the *greenhouse ef- 
fect, may have led to the extinction of the 
dinosaurs at the end of the Cretaceous and 
the extinction of many radiolarians at the 
end of the Eocene. 


iris The pigmented ring of muscular tissue, 
lying between the cornea and the lens, in 
the eyes of vertebrates and some cephalo- 
pod molluscs. It has a central hole (the pu- 
pil) through which light enters the eye and 
it contains both circular and radial muscles. 
Reflex contraction of the former occurs in 
bright light to reduce the diameter of the 
Pupil; contraction of the radial muscles in 
dim light increases the pupil diameter and 
therefore the amount of light entering the 
eye. Colour is determined by the amount of 
the pigment melanin in the iris. Blue cyes 
result from relatively little melanin; grey 


and brown eyes from increasingly larger 
amounts. 


irradiation Exposure to any form of radia- 


tion; often exposure to “ionizing radiation is 
implied. 


irritability One of the fundamental proper- 
ties of all organisms: the capacity to detect, 
interpret, and respond to changes in the en- 
vironment (c.g. the stimuli of light, touch, 
chemicals, etc). Multicellular animals have 
Specialized *sense organs and *effector or- 
gans for this purpose; in unicellular animals 
and plants, whith lack a nervous system, 
the reception of, and response to, a stimulus 
occur in the same cell. 


ischium The most posterior of the three 
bones that make up each half of the *pelvic 
girdle. See also ilium; pubis. 


islets of Langerhans Small groups of cells 
in the pancreas that function as an endo- 
crine gland to secrete the hormones *insulin 


and “glucagon. They arc named after their 
discoverer, the German anatomist and mi- 
croscopist Paul Langerhans (1847-88). 


Isogamy Sexual reproduction involving the 
production and fusion of gametes that are 
similar in size and structure. It occurs only 
T some lower animals and plants, e.g. cer- 
ain protozoans and algae. Ci isoga- 
sj lgae. Compare anisoga- 


isolating mechanism Any of the factors 
that prevent interbreeding (and therefore ex- 
change of genes) between all the members 
Of a species. Probably the most important 
isolating mechanism is geographical isola- 
tion, when different populations of the same 
paw occupy different habitats and there- 

re never come into contact with cach 
other. Ultimately this may lead to the popu- 
lations becoming separate species by means 
of *adaptive radiation. 


isoleucine See amino acid. 
isomerism See stereoisomerism. 


isoprene A colourless liquid diene, CH;:C 
(CH, )CH:CH,. The systematic name is 2- 
methylbuta-1,3-diene. It is the structural unit 
in *terpenes and natural rubber, and is used 
in making synthetic rubbers. 


J 


jejunum The portion of the mammalian 
small intestine that follows the *duodenum 
ee the *ileum. The surface area 
Ead lining of the jejunum is greatly in- 
villus) by numerous small outgrowths (see 
ERA This facilitates the absorption of di- 
of the material, which is the prime function 
Jejunum. 


jellyfish see Coelenterata. 


JUGULAR VEIN 


humerus 
ligament 

synovial membrane 
synovial fluid 
cartilage 

ulna 


synovial membrane 
ligament 


head of femur 
(ball) 


synovial fluid 
a ball-and-socket joint (the hip) 


Types of freely movable joints 


joint The. point of contact between two (or 
more) bones, together with the tissues that 
surround it. Joints fall into three classes 
that differ in the degree of freedom of 
movement they allow: Q) immovable joints, 
eg. the *sutures between the bones that 
form the cranium; (2) slightly movable joints, 
eg. the *symphyses between the vertebrae 
of the spinal column; and (3) freely movable 
or synovial joints, €.g. those that occur be- 
tween the limb bones. Synovial joints in- 
clude the ball-and-socket joints (between the 
limbs and the hip and shoulder -girdles), 
which allow movement in all directions; and 
the hinge joints (e.g. at the knee and elbow), 
which allow movement in one plane only. A 
synovial joint is bound by ligaments and 
lined with ‘synovial membrane. 


jugular vein A paired vein in the neck of 
mammals that returns blood from the head 
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to the heart. It joins the subclavian vein at 
the base of the neck. 


Jurassic The second geological period of 
the Mesozoic era. It followed the Triassic, 
which ended about 190 million years ago, 
and extended until the beginning of the 
Cretaceous period, about 139 million years 
ago. It was named in 1829 by A. Brongniart 
after the Jura Mountains on the borders of 
France and Switzerland. Jurassic rocks in- 
clude clays and limestones in which fossil 
flora and fauna are abundant. Plants includ- 
ed fems, cycads, ginkgos, rushes, and coni- 
fers. Important invertebrates included *am- 
monites (on which the Jurassic is zoned), 
corals, brachiopods, bivalves, and echinoids. 
Reptiles dominated the vertebrates and the 
first flying reptiles — the Plerosaurs — ap- 
peared. The first primitive bird, Archaeopter- 
yx, also made its appearance. 


juvenile hormone A hormone secreted by 
insects from a Pair of endocrine glands (cor- 
Pora allata) close to the brain. It inhibits 
metamorphosis and maintaii 


ins the presence 
of larval features. 


K 


Kainozoic See Cenozoic, 


kallidin See kinin. 


karyogram (idiogram) A diagram repre- 
senting the characteristic features of the 
“chromosomes of a Species. 


karyokinesis The division of a cell nucleus, 
See meiosis; mitosis. 


karyotype The number and structure of the 
“chromosomes in the nucleus of a cell, The 
karyotype is identical in all the *diploid 
cells of an organism. 


keel (carina) The projection of bone from 
the sternum (breastbone) of a bird or bat, 
to which the powerful flight muscles are at- 
tached. The stema of flightless birds (e.g. 
ostrich and emu) lack keels. 


kelp Any large brown seaweed (see 
Phacophyta) or its ash, used as a source of 
iodine. 


kelvin Symbol K. The *SI unit of thermo- 
dynamic temperature equal to the fraction 
1/273.16 of the thermodynamic temperature 
of the triple point of water. The magnitude 
of the kelvin is equal to that of the degree 
Celsius (centigrade), but a temperature ex- 
Pressed in degrees Celsius is numerically 
equal to the temperature in kelvins less 
273.15 (ie. °C = K — 273.15). The unit is 
named after Lord Kelvin (1824-1907). 


keratin Any of a group of fibrous *proteins 
occurring in hair, feathers, hooves, and 
horns. Keratins have coiled polypeptide 
chains that combine to form supercoils of 
several polypeptides linked by disulphide 
bonds between adjacent cysteine amino 
acids. Aggregates of these supercoils form 
microfibrils, which are embedded in a prote- 


in matrix. This produces a strong but elastic 
Structure. 


keratinization (cornification) The process 
in which the cytoplasm of the outermost 
cells of the mammalian “epidermis is re- 
Placed by *keratin. Keratinization occurs in 
the "stratum. corneum, feathers, hair, claws, 
nails, hooves, and horns. 


ketohexose See monosaccharide. 


ketone body Any of three compounds, 


acetoacetic — acid (3-oxobutanoic acid, 
CH;COCH, COOH), f-hydroxybutyric acid 
G-hydroxybutanoic acidj — CH,CH(OH) 
CH,COOH), and acetone (propanone, 
CH;COCH,), produced by the liver as a re- 
sult of the mei 


tabolism of body fat deposits. 


Ketone bodies are normally used as energy 
sources by peripheral tissues. However, if 
carbohydrate supply is limited (e.g. during 
Starvation or in diabetics), the blood level of 
ketone bodies rises and they may be present 
in urine, giving it a characteristic ‘pear 
ug odour. This condition is called Keto- 


ketopentose See monosaccharide. 


Ketose See monosaccharide. 


vena cava: 
tight 


pelvis 


ureter 


direction of 
blood flow 


sphincter muscle 


The kidneys of a mammal 


ae The main organ of ‘excretion of 
Aem Fates, through which nitrogenous 
Caste material (usually in the form of 
urine) is eliminated from the body. In 
pare there is a pair of kidneys situated 
ns = abdomen. They are made up of tubu- 
Al nits called *nephrons, through which 
Su qu waste is filtered from the blood, 
EC formation of urine. The nephrons 
an into a basin-like cavity in the kidney 

renal pelvis), which leads to the *ureter 
and *bladder. 


kilo- 

syste: Symbol k. A prefix used in the metric 

i000 ^ 1o denote 1000 times. For example, 
Volts = | kilovolt (kV). 


KIN SELECTION 


kilogram Symbol kg. The *SI unit of mass 
defined as a mass equal to that of the inter- 
national platinum-iridium prototype kept 
by the International Bureau of Weights and 
Measures at Sévres, near Paris. 


kinesis The movement of a cell or organ- 
ism in response to a stimulus in which the 
rate of movement depends on the intensity 
(rather than the direction) of the stimulus. 
For example, a woodlouse moves slowly in 
a damp atmosphere and quickly in a dry 
one. 


kinetochore Two parallel brushlike fila- 
ments situated in the *centromere of a chro- 
mosome. Kinetochores attach chromatids to 
the ‘spindle fibres during nuclear division. 


kingdom The highest category into which 
organisms are classified. Traditionally two 
kingdoms have been recognized, the Plantae 
(see plant) and the Animalia (see animal). 
More recently a number of other kingdoms 
have been suggested. For example, the fungi 
are considered by some to be sufficiently 
distinct from green plants to merit being 
placed in a separate kingdom, Fungi. The 
differences between “prokaryotes and 
*eukaryotes have led some to recognize the 
two kingdoms Prokaryota and Eukaryota. 


See also Protista. 


kinin 1. One of a group of peptides, occur- 
ring in blood, that are involved in inflam- 
mation, Kinins are formed by the enzymatic 
splitting of blood plasma globulins (Kini- 
nogens) at the site of inflammation. Kinins 
so far identified include bradykinin and kal- 
lidin. They cause local increases in the per- 
meability of small blood vessels. 2. See 


cytokinin. 
kinomere See centromere. 
kin selection Natural selection of genes 


that tend to cause the individuals bearing 
them to be altruistic to close relatives. These 


KREBS CYCLE 


relatives therefore have a higher probability 
of bearing identical copies of those same 
genes than do other members of the popula- 
tion. Thus kin selection for a gene that 
tends to cause an animal to share food with 
a close relative will result in the gene being 
spread through the population because it 
(unconsciously) benefits itself. The more 
closely two animals are related, the higher 
the probability that they share some identi- 
cal genes and therefore the more closely 
their interests coincide. Parental care is a 
special case of kin selection. See inclusive 
fitness. 


Krebs cycle (citric acid cycle; tricarbox- 
ylic acid cycle; TCA Cycle) A cyclical se- 
ries of biochemical reactions that is funda- 
mental to the metabolism of aerobic 
Organisms, i.e. animals, plants, and many 
microorganisms. The enzymes of the Krebs 
cycle are located in the “mitochondria and 
are in close association with the components 
of the *electron transport chain. The two- 
carbon acetyl Coenzyme A (acetyl CoA) re- 


acts with the four-carbon oxaloacetate to 
form the six-carbon citric acid. In a series 
of seven reactions, this is reconverted to ox- 
aloacetate and produces two molecules of 
carbon dioxide. Most importantly, the cycle 
generates one molecule of guanosine 
triphosphate (GTP — equivalent to 1 ATP) 
and reduces three molecules of the coen- 
zyme *NAD to NADH and one molecule 
of the coenzyme *FAD to FADH,. NADH 
and FADH, are then oxidized by the elec- 
tron transport chain to generate three and 
two molecules of ATP respectively. This 
gives a net yield of 12 molecules of ATP 
per molecule of acetyl CoA. 


Acetyl CoA can be derived from carbohy- 
drates (via *glycolysis), fats, or certain 
amino acids. (Other amino acids may enter 
the cycle at different stages.) Thus the 
Krebs cycle is the central ‘crossroads’ in the 
complex system of metabolic pathways and 
is involved not only in degradation and en- 
ergy production but also in the synthesis of 
biomolecules. It is named after its principal 


Pyruvate 


acetyl coa [2c] 


oxaloacetate 


malate [4c] 
fumarate 


FAD ; 
succinate 


CD 


GDP 


succinyl CoA 


citrate 


isocitrate [6c] 
NAD* 
a-ketoglutrate [sc] 


Krebs cycle 
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discoverer, Sir Hans Adolf Krebs (1900-81). 


L 


heling The process of replacing a stable 
m m in a compound with a radioisotope of 
c same element to enable its path through 
a biological system to be traced by the radi- 
ation it emits. In some cases a different sta- 
ble isotope is used and the path is detected 
by means of a mass spectrometer. A com- 
Pound containing either a radioactive or sta- 
ble isotope is called a /abelled compound. 1f 
a hydrogen atom in each molecule of the 
Compound has been replaced by a tritium 
atom, the compound is called a tritiated 
compound. A radioactive labelled compound 
Will behave chemically and physically in the 
same way as an otherwise identical stable 
compound, and its presence can casily[;be 
detected. This process of radioactive tracing 
is widely used in biology and medicine. ; 

i 
labium The lower lip in the *mouthparts ‘of 
an insect, which is used in feeding and is 
formed by the fusion of a pair of append- 
ages (the second *maxillae). 


ae The upper lip in the *mouthparts 
an insect. It is formed from a plate of 
Cuticle hinged to the head above the mouth 
and is used in feeding. 


labyrinth The system of cavities and tubes 
I At comprises the *inner ear of vertebrates. 
A consists of a system of membranous 
mae (membranous labyrinth) housed in 

ar shaj ity (bony laby- 
rini ped bony cavity (bony laby 


lachrimal gland (lachrymal gland) The 
Sem in present in the eyelids of some 
il brates. The fluid (tears) produced by 

is gland cleanses and lubricates the ex- 
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posed surface of the eye; it drains into the 
nose through the lachrimal duct. 


lactation The discharge of milk from the 
*mammary glands. This generally only oc- 
curs after birth of the young and is stimu- 
lated by the sucking action of the infants. 
The production of milk is under the control 
of hormones, notably *prolactin. 


lacteal A minute blind-ended lymph vessel 
that occurs in each ‘villus of the small in- 
testine. Digested fats are absorbed into the 
lacteals (see chyle) and transported to the 
bloodstream through the *thoracic duct. 


lactic acid (2-hydroxypropanoic acid) 
An alpha hydroxy carboxylic acid, CH,CH 
(OH)COOH, with a sour taste. Lactic acid 
is produced from pyruvic acid in active 
muscle tissue when oxygen is limited (see 
oxygen debt) and subsequently removed for 
conversion to glucose by the liver. During 
strenuous exercise it may build up in the 
muscles, causing cramplike pains. It is also 
produced by fermentation in certain bacteria 
and is characteristic of sour milk. 


lactogenic hormone See prolactin. 


lactose (milk sugar) A sugar comprising 
one glucose molecule linked to a galactose 
molecule. Lactose is manufactured by the 
mammary gland and occurs only in milk. 
For example, cows’ milk contains about 
4.7% lactose. It is less sweet than sucrose 


(cane sugar). 


lacuna A gap or cavity in the tissues of an 
organism; for example, the hollow centre of 
certain plant stems or any of the small cavi- 
ties in bone in which the bone-forming cells 


are found. 


Iaevorotatory Designating a chemical com- 


pound that rotates the plane of plane-po- 
larized light to the left (anticlockwise for 


LAEVULOSE 


someone facing the oncoming radiation). 
See optical activity, 


laevulose See fructose. 


Lamarckism One Of the earliest Superficial- 
ly plausible theories of "evolution, Proposed 
by the French biologist Jean-Baptiste de 
Lamarck (1744—1829) in 1809. He Suggested 


i ism is also incompatible 
with the “Central Dogma of molecular bio}. 
BY. See also Lysenkoism, 


lamella 1, (in botany) a, Any of the Paired 
folds of membranes 


is made up of “mesophyll cells interspersed 
by a network of veins (*vascular bundles), 


“caecum, “colon, and "rectum and its prin- 
cipal function is the absorption of water 
and formation Of faeces, 


the *vocal cords, Movement of the cartilage 
in the walls of the (by means of the 
geal Muscles) alters the tension of the 

- This changes the Pitch of the 

sound emitted by the vocal cords when they 
Vibrate. The final voiced sound is modified 
by resonance Within the oral and nasal cavi- 


a 
x 


Tubber trees, is collected for commercial 
Purposes. 


lauric acid (dodecanoic acid) A white 
crystalline *fatty acid, CH; (CH), 9 COOH. 
Glycerides of the acid are present in natural 


ae and oils (e.g. coconut and palm-kernel 
oil). 


LD,, Lethal dose 50, or median lethal 
dose: the amount of a pharmacological or 
loxic substance (such as ionizing radiation) 
that causes death in 50% of a group of ex- 
perimental animals. For each LD; the spe- 


lamina 
(leaf blade) 


petiole 


Simple leaves 


LEAF 


cies and weight of the animal and thc route 
of administration of the substance is speci- 
fied. LD;os are used both in toxicology and 
in the *bioassay of therapeutic compounds. 


L-dopa See dopa. 


leaf A flattened structure that develops 
from a superficial group of tissues, the leaf 
buttress, on the side of the stem apex. Each 
leaf has a lateral bud in its axil. Leaves are 
arranged in a definite pattern (see phyllotax- 
is) and usually show limited growth. Each 
consists of a broad flat *lamina (leaf blade) 


leaflets 


— petiole 


Compound leaves 


cuticle 


chloroplasts 


vascular 
ser 


Transverse section through 


— — — upper epidermis 


palisade mesophyll 


spongy mesophyll 


air space 


lower epidermis 


guard cell 


a leaf blade 
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and a leaf base, which attaches the leaf to 
the stem; a leaf stalk (petiole) may also be 
present. The leaves of bryophytes are simple 
appendages, which are not homologous with 
the leaves of vascular plants as they develop 
on the gametophyte generation. 

Leaves show considerable variation in 
size, shape, arrangement of veins, type of 
attachment to the stem, and texture. They 
may be simple or divided into leaflets, i.e. 
compound. Types of leaf include: *cotyle- 
dons (seed leaves); scale. leaves, which lack 
chlorophyll and develop on rhizomes or 
protect the inner leaves of a bud; foliage 
leaves, which are the main organs for photo- 
synthesis and transpiration; and *bracts and 
Floral leaves, such as sepals, petals, stamens, 
and carpels, which are specialized for repro- 
duction. 

Leaves may be modified for Special pur- 
poses. For example the leaf bases of bulbs 
are swollen with food to survive the winter. 
In some plants leaves are reduced to spines 
for protection and their Photosynthetic func- 
tion is carried out by another organ, such as 
a *cladode. 


leaf buttress See primordium. 


Way, as a result of its experience, Learning 
allows an animal to Fespond more flexibly 
to the situations it encounters; learning abil- 
ities in different Species vary widely and are 
adapted to the species’ environment. Nu- 
merous different categories of learning have 
been proposed, but there is no general 
agreement on how many different processes 
are involved. These categories include *ha- 
bituation, associative learning (through 
*conditioning), and insight learning (which 
may include *imprinting). 


lecithin Any of a group of “phospholipids 
containing the amino alcohol *choline ester- 
ified to the phosphate group. Lecithins are 
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the most abundant animal phospholipids 
and also occur in higher plants, but rarely 
in microorganisms. 


leeches See Hirudinea. 


legume (pod) A dry fruit formed from a 
single carpel and containing one or more 
seeds, which are shed when mature. It is the 
characteristic fruit of the Leguminosae (pea 
family). It splits, often explosively, along 
both sides and the two halves of the fruit 
move apart to expose the seeds. A special 
form of the legume is the *lomentum. 


Leishman's stain A neutral stain for blood 
Smears devised by the British surgeon W. B. 
Leishman (1865— 1926). It consists of a mix- 
ture of *eosin (an acidic stain), and *methy- 
lene blue (a basic stain) in alcohol and is 
usually diluted and buffered before use. It 
Stains the different components of blood in 
a range of shades between red and blue. 
The similar Wright's stain is favoured by 
American workers, 


lens A transparent biconvex Structure in 
the eyes or analogous organs of many ani- 
mals, responsible for directing light onto 
light-sensitive cells. In vertebrates it is a 
flexible structure centred behind the iris and 
attached to the *ciliary body. In terrestrial 
Species its main function is to focus images 
onto the retina. To focus on near objects, 
the circular muscles in the ciliary body con- 
tract and the lens becomes more convex; 
contraction of the radial muscles in the cili- 
ary body flattens the lens for focusing on 
distant objects (see also accommodation). 


lenticel Any of the raised pores in the 
Stems of woody plants that allow gas ex- 
Change between the atmosphere and the in- 
ternal tissues. The pore is formed by the 
“cork cambium, which, at certain points, 
Produces a loose bulky form of cork that 


Pushes through the outer tissues to create 
the lenticel. 


Lepidoptera An order of insects compris- 
ing the butterflies and moths, found mainly 
a tropical regions. Adults possess two pairs 
aaa wings, often brightly col- 
a a usually coupled together. The 
he ly, and legs are covered with min- 
eer Adult mouthparts are generally 
is P to form a long proboscis for suck- 
ul ar, fruit juices, etc. Butterflies are 
Eu. small-bodied, active during 
eae rest with their wings folded 
tes ly; moths have larger bodies, are 
a ural, and rest with their wings in vari- 
i positions. The larvae (caterpillars) have 
Minorum head and a segmented wor- 
i SHE most segments bearing a pair of 
ae Ex, chew leaves and stems, some- 
Eme en considerable damage to crop 
a v: je larvae undergo metamorphosis 
"eg RI. (chrysalis) to the adult form. In 
bon E the pupa is enclosed in a co- 
fied Sy derived from silk glands (modi- 
aud ‘ary glands); others use leaves, etc. 
à cocoon. 


ley 

ere, The beginning of the first pro- 

be of *meiosis, when the chromatids can 
Seen and *pairing begins. 


lethal dose 50 See LD;,. 
leucine See amino acid. 


l 
aire (white blood cell) A colourless 
Impa A mucus, found in blood and 
Redes aa cone are formed in lymph 
ble ot: am Ted bone marrow and are capa- 
duce oo movement. They can pro- 
Walls of “podies and move through the 
injuries vessels to migrate to the sites of 
dead Aa they surround and isolate 
e REM foreign bodies, and bacteria 
Euge M oe alo ype hose without 
and “mong the cytoplasm (*lymphocytes 
Sphere and those with granular 
(granulocytes). 
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leucoplast Any of various organelles in 
plant cells that contain no pigment and are 
therefore colourless. Leucoplasts are usually 
found in tissues not normally exposed to 
light and frequently contain reserves of 
starch, protein, or oil. See plastid. Compare 
chromoplast. 


l-form See optical activity. 
LH See luteinizing hormone. 


lice See Mallophaga (bird lice); Siphuncu- 
lata (sucking lice). 


Lichenes (lichens) A group consisting of 
organisms that are symbiotic associations 
(see symbiosis) between a fungus (usually 
one of the *Ascomycetes) and an alga (from 
the *Chlorophyta or *Cyanophyta). The 
fungus usvally makes up most of the plant 
body and the cells of the alga are distribut- 
ed within it. The alga photosynthesizes and 
passes most of its food to the fungus and 
the fungus protects the algal cells. The 
lichen reproduces by means of fungal 
spores, which must find a suitable alga on 
germination. Lichens are slow growing but 
can live in regions that are too cold or ex- 
posed for other plants. They may form a 
flattened crust or be erect and branching. 
Many grow as *epiphytes, especially on tree 
trunks. Some species are very sensitive to 
air pollution and have been used as *indica- 


tor species. 


life cycle The complete sequence of events 
undergone by organisms of a particular spe- 
cies from the fusion of gametes in one gen- 
ion to the same stage in the following 
generation. In most animals gametes are 
formed by *meiosis of germ cells in the re- 
productive organs of the parents. The zy- 
gote, formed by the fusion of two gametes, 
eventually develops into an organism essen- 
tially similar to the parents. In plants, how- 
the products of meiosis are spores, 

develop into plants (the *gameto- 


erati 


ever, 
which 


LIGAMENT 


phyte generation) often very different in 
form from the spore-forming (*sporophyte) 
generation. The sporophyte generation is re- 
stored when gametes, formed by the game- 
tophyte generation, fuse. See alternation of 
generations. 


ligament A resilient but flexible band of 
tissue (chiefly *collagen) that holds two or 
more bones together at a movable “joint. 
Ligaments restrain the movement of bones 
at a joint and are therefore important in 
Preventing dislocation. 


ligase Any of a class of enzymes that cat- 
alyse the formation of covalent bonds using 
the energy release! by the cleavage of ATP. 
Ligases are important in the synthesis and 


repair of many biological molecules, includ- 
ing DNA. 


light green See fast green. 
light reactions See photosynthesis. 


lignin A complex Organic polymer that is 
deposited within the cellulose of plant cell 
walls during secondary thickening. Lignifica- 
tion makes the walls woody and therefore 
rigid. 


lignite See coal. 


ligule 1. A membranous scalelike out- 
growth from the leaves of certain flowering 
plants. Many grasses have a ligule at the 
base of the leaf blade. 2. A small membra- 
nous structure that develops on the upper 
surface of a young leaf base in certain pteri- 
dophytes, for example Selaginella. 1t withers 
as the plant matures. 3. A Strap-shaped ex- 
tension from the corolla tube in certain flo- 
rets of a *capitulum. They are termed ligu- 
late (or ray) florets. 


liming The application of lime (calcium hy- 
droxide) to soils to increase levels of calci- 
um and decrease acidity. 


linear energy transfer (LET) The energy 
transferred per unit path length by a mov- 
ing high-energy charged particle (such as an 
electron or a proton) to the atoms and mol- 
ecules along its path. It is of particular im- 
portance when the particles pass through 
living tissue as the LET modifies the effect 
of a specific dose of radiation. LET is pro- 
portional to the square of the charge on the 
particle and increases as the velocity of the 
particle decreases. 


linkage The association of a number of 
characteristics that are inherited together be 
cause the genes responsible for them are sit- 
uated on the same chromosome. Linkage 
can be broken by *crossing over during mi- 
tosis, when sections of chromosomes are ex- 
changed and new combinations of genes are 
Produced. See also sex linkage. 


linkage map See chromosome map. 


Linnaean system See binomial nomencla- 
ture. 


linoleic acid A liquid polyunsaturated *fat- 
ty acid with two double bonds, CH; (CH;)4 
CH:CHCH, CH:CH(CH,), COOH. Linoleic 
acid is abundant in many plant fats and 
oils, e.g. linseed oil, groundnut oil, and so- 
ya-bean oil. It is an *essential fatty acid. 


linolenic acid A liquid polyunsaturated 
“fatty acid with three double bonds 
in {ts structure: CH, CH; CH:CHCH; 
CH:CHCH, CH:CH (CH,), COOH. Lino- 
lenic acid occurs in certain 
Plant oils, eg. linseed and soya-bean 
oil, and in algae. It is one of the *essential 
fatty acids. 


lipase An enzyme secreted by the pancreas 
and the glands of the small intestine. of 
vertebrates that catalyses the breakdown of 
fats into fatty acids and glycerol. 


lipid Any of a diverse group of organic 
Compounds, occurring in living organisms, 
that are insoluble in water but soluble in 
organic solvents, such as chloroform, ben- 
zene, etc. Lipids are broadly classified into 
two categories: complex lipids, which are es- 
lers of long-chain fatty acids and include 
the *glycerides (which constitute the *fats 
and  *oils of animals and plants), 
glycolipids, *phospholipids, and *waxes; and 
simple lipids, which do not contain fatty 
acids and include the “steroids and 
“terpenes, 
_ Lipids have a variety of functions in liv- 
ing organisms, Fats and oils are a conve- 
ment and concentrated means of storing 
food energy in plants and animals. Phos- 
Pholipids and ‘sterols, such as cholesterol, 
WS Major components of cell membranes. 
E Provide vital waterproofing for body 
bee e Terpenes include vitamins A, E, 
» and phytol (a component of chloro- 
Phyll) and occur in essential oils, such as 
nol and camphor. Steroids include the 
renal hormones, sex hormones, and bile 
acids, 
[d can combine with proteins to form 
eral eins, e.g. in cell membranes. In bac- 
i cell Walls, lipids may associate with 
Ysaccharides to form lipopolysaccharides. 


Hes acid A vitamin of the ‘vitamin B 
WERT It is one of the *coenzymes in- 
Me A the decarboxylation of pyruvate 
eaction PA pyruvate dehydrogenase. This 
Fates ca às to take place before carbohy- 
aerobic ^ enter the *Krebs cycle during 
atid respiration. Good sources of lipoic 
Include liver and yeast, 


n 


li " 
DOR Be breakdown of storage lipids 
reserves, Organisms. Most long-term energy 
fats “than in the form of triglycerides in 
uring Kis S. When these are needed, e.g. 
the trigh arvation, lipase enzymes convert 
nent pus into glycerol and the com- 
Y acids. These are then transport- 


B-10 
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ed to tissues and oxidized to provide ener- 
gy- 


lipoprotein See lipid. 


liposome A microscopic spherical mem- 
brane-enclosed vesicle or sac (20-30 nm in 
diameter) made artificially in the laboratory 
by the addition of an aqueous solution to a 
phospholipid gel. The membrane resembles 
a cell membrane and the whole vesicle is 
similar to a cell organelle. Liposomes can be 
incorporated into living cells and are used 
to transport relatively toxic drugs into dis- 
eased cells, where they can exert their maxi- 
mum effects. For example, liposomes con- 
taining the drug methotrexate, used in the 
treatment of cancer, can be injected into the 
patient's blood. The cancerous organ is 
heated to a temperature higher than body 
temperature, so that when the liposome 
passes through its blood vessels, the mem- 
brane melts and the drug is released. The 
study of the behaviour of liposome mem- 
branes is used in research into membrane 
function, particularly to observe the beha- 
viour of membranes during anaesthesia with 
respect to permeability changes. 


litre Symbol l. A unit of volume in the 
metric system regarded as a special name 
for the cubic decimetre. It was formerly de- 
fined as the volume of 1 kilogram of pure 
water at 4°C at standard pressure, which is 
equivalent to 1.000 028 dm’. 


littoral Designating or occurring in the 
marginal shallow-water zone of a sea or 
lake, especially (in the sea) between high 
and low tide lines. In this zone enough light 
penetrates to the bottom to support rooted 
aquatic plants. Compare profundal; sublit- 
toral. 


liver A large lobed organ in the abdomen 
of vertebrates that plays an essential role in 
many metabolic processes by regulating the 
composition and concentration of nutrients 


LIVERWORTS 


and toxic materials in the blood. It receives 
the products of digestion dissolved in the 
blood via the *hepatic portal vein and its 
most important functions are to convert ex- 
cess glucose to the storage product *glyco- 
gen, which serves as a food reserve; to 
break down excess amino acids to ammonia, 
which is converted to *urea and excreted 
via the kidneys; and to store and break 
down fats (see lipolysis). Other functions of 
the liver are (1) the production of *bile; (2) 
the breakdown (detoxification) of poisonous 
substances in the blood; (3) the removal of 
damaged red blood cells; (4) the synthesis 
of vitamin A and the blood-clotting sub- 
stances prothrombin and fibrinogen; and (5) 
the storage of iron. 


liverworts See Hepaticae. 


living fossil Any organism whose closest 
relatives are extinct and that was once itself 
thought to be extinct. An example is the 
coclacanth, a primitive fish that was com- 
mon in the Devonian era, the first recent 
living specimen of which was discovered in 
1938. 


lizards See Squamata. 


loculus A small cavity in a plant or animal 
body. In plants the loculus of the ovary is 
the cavity containing the ovules and the loc- 
uli of the anther contain the developing pol- 
len grains. 


locus The position of a gene on a chromo- 
some. The two alleles of a gene occupy the 
same locus on *homologous chromosomes. 


logarithmic scale A scale of measurement 
in which an increase or decrease of one unit 
represents a tenfold increase or decrease in 
the quantity measured. Decibels and pH 
measurements are common examples of log- 
arithmic scales of measurement. 


lomentum A type of dry dehiscent fruit 
formed from a single carpel but divided into 
one-seeded compartments by constrictions 
between the seeds. *Legumes (e.g. those of 
Acacia) and *siliquas (e.g. those of wild rad- 
ish) cam be divided in this way. 


long-day plant A plant in which flowering 
can be induced or enhanced by long days, 
usually of more than 12 hours of daylight. 
Examples are spinach and spring barley. See 
photoperiodism. Compare day-neutral plant; 
short-day plant. 


long-sightedness See hypermetropia. 


lumbar vertebrae The *vertebrae in the re- 
gion of the lower back. They occur below 
the *thoracic vertebrae and above the *sa- 
cral vertebrae. In mammals they bear pro 
cesses for the attachment of back muscles. 


lumen 1. The space enclosed by a vessel. 
duct, or other tubular or saclike organ. The 
central cavity of blood vessels and of the 
digestive tract are examples. 2. Symbol lm- 
The SI unit of luminous flux equal to 

flux emitted by a uniform point source of ! 
candela in a solid angle of’ | steradiam. 


lung The *respiratory organ of air-breathing 
vertebrates. A pair of lungs is situated iP 
the thorax, within the ribcage. Each consists 
essentially of a thin moist membrane that i5 
folded to increase its surface area. Exchange 
of oxygen and carbon dioxide takes place 
between blood capillaries on one side of the 
membrane and air on the other. The lung i5 
supplied with air through a *bronchus. I? 
mammals and.reptiles the membrane of the 
lung takes the form of numerous sacs (66^ 
alveolus) that are connected io the bronchus 
via *bronchioles. The lungs themselves COT" 
tain no muscular tissue and are ventilated 
by *respiratory movements, the mechanistP* 
of which vary with the species. 


lungfish See Dipnoi. 
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deoxygenated 
blood 
bronchiole 


blood 
capillaries 


alveolus 
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intercostal 


i muscle 


diaphragm 


The ans B : 
lungs and air passages of a mammal (right lung cut open to show internal structure) 


ee hormone (LH; interstitial- 
Eo mulating hormone; ICSH) A hor- 
Miser by the anterior pituitary 
is in mammals, that stimulates in males 
Production of sex hormones (*andro- 
el Secretory cells in the testes (known 
stitial cells) and in females ovulation, 


* 
qeroBeSterOne synthesis, and *corpus luteum 
ormation, 


lu i $ 
teotrophic hormone See prolactin. 


rae A subdivision of the *Trache- 
fii, e a class of the *Pteridophyta con- 
mer A e clubmosses (Lycopodium) and_re- 
f Mea (including Selaginella) as well 
their NE extinct. forms, which. reached 
giant coal 5 the Carboniferous period with 
ave ae Spang tree species. Lycopsids 
numer and their stems are covered with 
"s small leaves, 
l 
iy ae colourless liquid. found within 
from the atie System, into which it drains 
(Called MASS between the cells. Lymph 
resembles ae in the intercellular spaces) 
Of Water aie plasma, consisting mostly 
ats are fo dissolved salts and proteins. 
ae Und in suspension and their pres- 
nes wth food intake. The lymph 


eventually enters the bloodstream near the 
heart. 


lymphatic system The network of vessels 
that“conveys *lymph from the tissue fluids 
to the bloodstream. Tiny lymph capillaries 
drain into larger tubular vessels that con- 
verge to form the right lymphatic duct and 
the *thoracic duct, which connect with the 
venous blood supply to the heart. Associat- 
ed with the lymphatic vessels at intervals 
along the system are the *lymph nodes. The 
lymph capillary walls are very permeable, so 
lymph bathing the body's tissues can drain 
away molecules that are too large to pass 
through blood capillary walls. Lymph is 
pumped. by cycles of contraction and relaxa- 
tion of the lzmphatic vessels and also by 
the action of adjoining muscles. 


lymph node A mass of *lymphoid tissue, 
many of which occur at intervals along the 
“lymphatic system. Lymph in the lymphatic 
vessels flows through the lymph nodes, 
which filter out bacteria and other foreign 
particles, so preventing them from entering 
the bloodstream and causing infection. The 
lymph nodes also produce *lymphocytes. In 
humans, major lymph nodes occur in the 
neck, under the arms, and in the groin. 
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lymphocyte A type of white blood cell 
(leucocyte) that has a large nucleus and lit- 
tle cytoplasm. Lymphocytes are formed in 
the ‘lymph nodes and provide about a 
quarter of all leucocytes. They are important 
in the body's defence and are responsible 
for immune reactions as the presence of 
*antigens stimulates them to produce *an- 
tibodies. 


lymphoid tissue The type of tissue found 
in the *lymph nodes, *tonsils, *spleen, and 
"thymus. It is responsible for producing 
lymphocytes and antibodies and therefore 
contributes to the body's defence against in- 
fection. 


Lysenkoism The official Soviet science pol- 
icy governing the work of geneticists in the 
USSR from about 1940 to 1960. It was 
named after its chief promoter, the agri 
turalist Trofim Lysenko (1898—1976). 
Lysenkoism dismissed all the advances that 
had been made in classical genetics, denying 
the existence of genes, and held that the va- 
riability of organisms was Produced solely 
by environmental changes. There was also a 
return to a belief in the inheritance of ac- 
quired characteristics (see Lamarckism). This 
state of affairs continued, despite over- 
whelming conflicting evidence from Western 
Scientists, because it provided support for 
communist theory. 


lysigeny The localized disruption of plant 
cells to form a cavity (surrounded by rem- 
nants of the broken cells) in which secre- 
tions accumulate. Examples are the oil cavi- 


ties in the leaves of citrus trees. Compare 
schizogeny. 


lysine See amino acid. 


lysis The destruction of a living cell. This 
may be effected by “lysosomes or *phago- 
cytes, either as part of the normal metabolic 
process (as when cells are damaged or worn 
out) or as a reaction against invading cells 
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(eg. bacteria). *Bacteriophages eventually 
cause lysis of their host cells. 


lysosome A membrane-bound sac within 
the cytoplasm of animal *cells that contains 
enzymes responsible for the digestion of ma- 
terial in food vacuoles, the dissolution of 
foreign particles entering the cell (such as 
bacteria) and, on the death of the cell, the 
breakdown of all cell structures. A 
structure is present in plant cells. 


lysozyme An antibacterial enzyme widely 
distributed in body fluids and secretions, 1n- 
cluding tears and saliva. It disrupts the 
polysaccharide components of bacterial cell 
walls, leaving them susceptible to destruc- 
tion. 


M 


macromolecule A very large molecule: 
Natural and synthetic polymers have 
macromolecules, as do such substances 9$ 
haemoglobin. See also colloids. 


macronutrient A nutrient required by s 
organism in relatively large amounts. Me 
ronutrients are typically ysed as sources b 
energy or structural components and inclu 

water, carbon dioxide, carbohydrates, PFO 
teins, lipids, and certain minerals (see 24? 
essential element). Compare micronutrient. 


(histiocyte; clasmatocyte) ^ 
large phagocytic cell (see phagocyte) normal 
ly found in tissues that produce blood cells: 
Macrophages ingest bacteria and cell debris- 
They develop from *monocytes and assume 
different shapes depending on their „position: 
Reticuloendothelial cells are similar but 8 
found only lining blood vessels and do 10! 
move around the body. 


macrophyll See megaphyll. 


macula 1. One of a number of patches of 
Sensory cells in the *utriculus and *sacculus 
of the inner ear that are involved in main- 
taining balance and may also assist in as- 
Cod the degree of acceleration and decel- 
m when the body is moving. 2. An 
TR ol the “retina of the vertebrate eye 
i iis visual acuity. Maculae occur 

me animals that lack *foveae and often 


Surround foveae in th i 
sess them. lose animals that pos- 


malic rid (2-hydroxybutanedioic acid) 
crystalline solid, HOOCCH(OH 

c i Nien 
CH, COOH. L-malic acid occurs in living 
tetas as an intermediate metabolite in 
NA ebs cycle and also (in certain plants) 
a Olosynthesis. It is found especially in 
Juice of unripe fruits, e.g. green apples. 
malleus 


mad (hammer) The first of the three 
Ossicles of the mammalian *middle car. 


dlophaga An order of wingless insects 
We SN the bird lice. Bird lice are min- 
ies, d ‘orsoventrally flattened ovoid bod- 

ey ced eyes, and biting mouthparts. 
Pareles ectoparasites of birds, feeding on 
anaes Of dead skin, feather fragments, 
fas metimes blood, The eggs hatch to 

nymphs resembling the adults. 


Malpighian 


cle) Th body (Malpighian corpus- 


€ part of a *, i i 

that n ta nephron in the kidney 

with EE Of its cup-shaped end together 

named afi glomerulus that it encloses. It is 

mist M zu us discoverer, the Italian anato- 
- Malpighi (1628.94). 


M; T 
dn layer (stratum germina- 
mis of Ew innermost layer of the *epider- 
the under), :mmalian *skin, separated from 
un Ying dermis by a fibrous basement 
dermis the Ìt is only in this layer of the epi- 
curs, active cell division (*mitosis) oc- 
sions age d Cells produced by these divi- 
through th d mature, they migrate upwards 
€ layers of the epidermis to re- 
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place the cells being continuously worn 
away at the surface. 


maltose (malt sugar) A sugar consisting 
of two linked glucose molecules that results 
from the action of the enzyme amylase on 
starch. Maltose occurs in barley seeds fol- 
lowing germination and drying, which is the. 
basis of the malting process used in the 
manufacture of beer and malt whisky. 


malt sugar See maltose. 


Mammalia A class of vertebrates contain- 
ing some 4250 species. Mammals are warm- 
blooded animals (see homoiothermy), typi- 
cally having sweat glands whose secretion 
cools the skin and an insulating body cover- 
ing of hair. All mammals have *mammary 
glands, which secrete milk to nourish the 
young. Mammalian teeth are differentiated 
into incisors, canines, premolars, and molars 
and the middle ear contains three sound- 
conducting "car ossicles. The four- 
chambered heart enables complete separa- 
tion of oxygenated and deoxygenated blood 
and a muscular *diaphragm takes part in 
breathing movements, both of which ensure 
that the tissues are well supplied with oxy- 
gen. This, together with well-developed 
sense organs and brain, have enabled mam- 
mals to pursue an active life and to colonize 
a wide variety of habitats. 

Mammals evolved from carnivorous rep- 
tiles in the Triassic period about 225 million 
years ago. There are three subclasses: the 
primitive egg-laying *Prototheria (mono- 
tremes), the pouched *Metatheria (marsupi- 
als), and the *Eutheria (placental mammals), 
which includes most of the living orders. 


mammary glands The milk-producing or- 
gans (possibly modified sweat glands) of fe- 
male mammals, which provide food for the 
young (see milk; colostrum). Their number 
(2 to 20) and position (on the chest or ab- 
domen) vary according to the species. In 
most mammals the gland openings project 
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as a nipple or teat. Nipples have a number 
of milk-duct openings; teats have one duct 
leading from a storage cavity. 


mandible 1. One of a pair of horny 
*mouthparts in insects, crustaceans, centi- 
pedes, and millipedes. The mandibles lie in 
front of the weaker *maxillae and their lat- 
eral movements assist in biting and crushing 
the food. 2. The lower jaw of vertebrates. 3. 
Either of the two parts of a bird's beak. 


mannitol A polyhydric alcohol, CH;,OH 
(CHOH), CH; OH, derived from mannose or 
fructose. It is the main soluble sugar in fun- 
Bi and lichens and an important carbohy- 
drate reserve in brown algae. Mannitol is 
used as a sweetener in certain foodstuffs, 


mannose A *monosaccharide, C,H30,, 
Stereoisomeric with glucose, that occurs nat- 
urally only in polymerized forms called 
mannans. These are found in plants, fungi, 
and bacteria, serving as food energy stores. 


manometer A device for measuring pres- 
Sure differences, usually by the difference in 
height of two liquid columns. The simplest 
type is the U-tube manometer, which con- 
sists of a glass tube bent into the shape of a 
U. If a pressure to be measured is fed to 
one side of the U-tube and the other is 
open to the atmosphere, the difference in 
level of the liquid in the two limbs gives a 
measure of the unknown pressure. 


mantle The fold of skin covering the dorsal 
surface of the body of molluscs, which ex- 
tends into lateral flaps that Protect the gills 
in the mantle cavity (the Space between the 
body and mantle). The outer surface of the 
mantle secretes the shell (in Species that 
have shells). 


marsupials See Metatheria. 


mast cells Large amoeboid cells that are 
found in vertebrate *connective tissue. They 


aa 


may be connected with the deposition ef 
fat. In certain situations they produce *his- 
tamine, responsible for allergy symptoms. 
They also produce *heparin, an anticoagu- 
lant, which may prevent fibrin from forming 
clots in the intercellular spaces. 


mastoid process An outgrowth from the 
temporal bone of the skull containing ar 
cavities that communicate with the cavity of 
the middle car. In man it is a route through 
which infection may spread from the middle 
car. 


matrix (in histology) The component of M 
sues (c.g. bone and cartilage) in which 
cells of the tissue are embedded. 


maxilla 1. One of a pair of *mouthparts in 
insects, crustaceans, centipedes, and milli- 
pedes. They lie behind the *mandibles and 
their lateral movements assist in feeding- 
Crustaceans have two pairs of maxillae but 
in insects the second pair are fused together 
forming the *labium. 2. One of a pair o! 
large tooth-bearing bones in the upper ja¥ 
of vertebrates. In mammals they carry @l 
the upper teeth except the incisors. 


maximum permissible dose See dose. 


meatus A small canal or passage in the 
body. An example is the external un 
meatus of the *outer ear in mammals, whi 


connects the exterior opening to the eaf- 
drum. 


mec! A ‘receptor that f° 
sponds to such mechanical stimuli as touc! 
sound, and pressure. The skin is rich i" 
mechanoreceptors. 


median eye (pineal eye) An eyelike struc 
ture, with a lens and retina, found on 

top of the head of some lizards, Sphenodon: 
and the Cyclostomata (lampreys) as well 35 


in many fossil vertebrates. Its function i5 
unknown. 


median lethal dose See LD;,. 


mediastinum 1. A membrane in the mid- 
line of the *thorax of mammals that sepa- 
Tates the lungs. 2. The space between the 
two lungs, which is Occupied by the heart 
and oesophagus, 


LSU l. (in zoology) The central tissue 

arious organs, including the adrenal 
glands (adrenal medulla) and kidneys (renal 
medulla). 2. (in botany) Sce pith. 


nlla oblongata Part of the vertebrate 
tt ug , derived „from the *hindbrain, 
Dom Continuous with the spinal cord. Its 
EM is to regulate the reflex responses 
ing respiration, heart beat, blood 
Pressure, and other involuntary processes. It 
Bives rise to many of the *cranial nerves. 


Sica Tay (ray) Any of the vertical 
Gang Parenchyma cells running radially 
ie the cylinder of vascular tissue in 
d a and TooJs of plants. Each may be 
us T many, cells in width. Primary medul- 
aM Gee Occur in young plants and in those 
CE VNDE Secondary thickening; they pass 
Be b cortex through to the pith. Second- 
een edullary rays are produced by the vas- 
Sus cambium and terminate in xylem and 
a T» tissues. Medullary rays store and 
Sport food materials. 


eet nerve fibre A nerve fibre that 
ins, racterized by a *myelin sheath, which 
Msulates the axon! 


medusa The 


cycle of free-swimming stage in the life 


ile “Coelenterata. Medusae are um- 
and the Ped, with tentacles round the edge 

ley E NE in the centre underneath. 
Teproduce by pulsations of the body and 
Hydra) th Sexually. In the Hydrozoa (e.g. 
“Polyps, S alternate in the life cycle with 
budge from which they are produced by 
all thee, I^ the Scyphozoa, which includes 
Sommon jellyfish, the medusa is the 
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dominant form and the polyp is reduced or 
absent. 


mega- Symbol M. A prefix used in the 
metric system to denote one million times. 
For example, 10° volts = 1 megavolt (MY). 


megaphyll A type of foliage leaf in ferns 
and seed plants that has branched or paral- 
lel vascular bundles running through the 
lamina. The megaphylls of ferns are large 
pinnate leaves called fronds. A megaphyll 
was formerly called a macrophyll. Compare 
microphyll. 


megaspore See sporophyll. 
megasporophyll See sporophyll. 


meiosis (reduction division) A type of 
cell division that gives rise to four reproduc- 
tive cells (gametes) each with half the chro- 
mosome number of the parent cell. Two 
consecutive divisions occur (see illustration). 
In the first, *homologous chromosomes be- 
come paired and may exchange genetic ma- 
terial (see crossing over) before moving 
away from each other into separate daugh- 
ter nuclei. This is the actual reduction divi- 
sion because each of the two nuclei so 
formed contains only half of the original 
chromosomes. The daughter nuclei then di- 
vide by mitosis and four *haploid cells are 
produced. See also prophase; metaphase; 
anaphase; telophase. 


melanin Any of a group of polymers, de- 
rived from the amino acid tyrosine, that 
cause pigmentation of eyes, skin, and hair 
in vertebrates. Melanins are produced by 
specialized epidermal cells called melano- 
cytes. Certain invertebrates, fungi, and mi- 
croorganisms also produce melanin pig- 
ments. The ‘ink’ of the octopus and squid is 
a notable example. Hereditary *albinism is 
caused by the absence of the enzyme tyro- 
sinase, which is necessary for melanin pro- 
duction. 
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1st Prophase: 1st Prophase: 1st Prophase: Y Propia 
Leptotene Pachytene Diplotene i 
centriole centromere chiasmata 


nuclear chrómatids 
membrane 


1st Metaphase 1st Telophase 2nd Metaphase 


pole spindle fibres. 


2nd Anaphase 


2nd Telophase 


OG 


The stages of Meiosis in a cell containing 
two pairs of homologous chromosomes 


melanism Black coloration of the body 
caused by overproduction of the pigment 
melanin, often as a reaction io the environ- 
. ment. There are several species of melanic 
moths in industrially polluted areas (see in- 
dustrial melanism) and the panther is a nie- 


lanic form of leopard. 


Membrane A sheetlike tissue that covers 
connects, or lines biological cells and their 
organelles, organs, and other structures: 
Membranes consist of polar lipids (predomi* 


nantly the phospholipids lecithin and cepha- 
lin) and protein: the lipids form a double 
layer (bilayer) with protein molecules sus- 
Pended within it. Membranes are permeable 
to water and fat-soluble substances but im- 
Permeable to polar substances (e.g. sugars). 
Movement of ions across a membrane oc- 
eus by carrier-mediated processes, including 
active transport and “facilitated diffusion. 
Large molecules may be taken up by *phag- 
Scytosis. See also cell membrane; osmosis. 


membrane bone (dermal bone) *Bone 
formed directly in connective tissue, rather 
i an by replacing cartilage (compare carti- 
age bone). Some face bones, skull bones, 
and part of the clavicle are membrane 
pas Small areas of membrane become jel- 
ly-like and attract calcium salts. Bone-form- 
ing cells break down these areas forming a 
bone lattice, which eventually fills in. 


membranous labyrinth The soft tubular 
d Structures that form the "inner car 

Vertebrates and are housed within the bo- 
ny labyrinth. 


Mendelism The theory of heredity that 
rms the basis of classical *genetics, pro- 
Em by Gregor Mendel (1822-84) in 1866 
Taare ormulated in two laws (see Mendel's 
ES particulate inheritance): Mendel sug- 
dues ai individual Characteristics were 
TS de by inherited ‘factors’, and when 
el BE Microscopes revealed details of 
ee ructure the behaviour of Mendel’s fac- 
Could be related to the behaviour of 
‘Omosomes during *meiosis. 


Mendet’s laws Two laws summarizing 
SM Mendel's theory of inheritance (see 
E EUR The Law of Segregation 
CEN t each hereditary characteristic is 
les) led by two ‘factors’ (now called *al- 
inte Vhich segregate (separate) and pass 
Ps Dp germ (reproductive) cells. The 
Pairs of « t Assortment states that 

of ‘factors’ segregate independently of 
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each other when germ cells are formed (see 
also independent assortment). These laws 
are the foundation of genetics. 


meninges The three membranes that sur- 
round the brain and spinal cord of 
vertebrates: the *pia mater, the *arachnoid 
membrane, and the outer *dura mater. The 
pia and arachnoid are separated by the 
subarachnoid space, which contains *cer- 
ebrospinal fluid. 


menstrual cycle The approximately 
monthly cycle of events associated with 
*ovulation that replaces the *oestrous cycle 
in most primates (including humans), The 
lining of the uterus becomes progressively 
thicker with more blood vessels in prepara- 
tion for the *implantation of a fertilized egg 
cell (blastocyst). Ovulation occurs during the 
middle of the cycle (the fertile period). If 
fertilization does not occur the uterine lin- 
ing breaks down and is discharged from the 
body (menstruation). In women the fertile 
period is 11-15 days after the end of the 
last menstruation. 


menstruation See menstrual cycle. 
mericarp See schizocarp. 


meristem A plant tissue consisting of ac- 
tively dividing cells that give rise to cells 
that differentiate into new tissues of the 
plant. The most important meristems are 
those occurring at the tip of the shoot and 
root (see apical meristem) and the lateral 
meristems in the older parts of the plant 
(see cambium; cork cambium). 


merocrine secretion See secretion. 


mesencephalon See midbrain. 


mesentery A thin sheet of tissue, bounded 
on each side’ by *peritoneum, that supports 
the gut and other organs in the body cavi- 
ties of animals. Vertebrates have a well-de- 
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veloped dorsal mesentery that anchors the 
Stomach and intestine and contains blood 
vessels and nerves supplying the gut. The 
reproductive organs and their ducts are also 
supported by mesenteries. 


mesocarp See pericarp. 


mesoderm The layer of cells in the *gas- 
trula that lies between the *ectoderm and 
‘endoderm. It develops into the muscles, 
circulatory system, and sex Organs and in 
vertebrates also into the excretory system 
and skeleton. See also germ layers. 


mesoglea The gelatinous noncellular layer 
between the endoderm and ectoderm in the 
body wall of coelenterates. It may be thin, 
as in Hydra, or tough and fibrous, as in the 
larger jellyfish and sea anemones. It often 
contains cells that have migrated from the 
two body layers but these do not form tis- 
Sues and organs and the mesoglea is not ho- 


mologous with the mesoderm of *triploblas- 
tic animals. 


ea ll The internal tissue of a leaf 

e (lamina), Consisting of *parenchyma 
cells. There are two distinct forms. Palisade 
mesophyll lies just beneath the upper cpider- 
mis and consists of cells elongated at right 
angles to the leaf surface. They contain a 
large number of "chloroplasts and their 
Principal function is photosynthesis. Spongy 
mesophyll occupies most of the remainder of 
the lamina. It consists of spherical loosely 
arranged cells containing fewer chloroplasts 
than the palisade mesophyll, Between these 
cells are air spaces leading to the “stomata. 


mesophyte Any plant adapted to grow in 
soil that is well supplied with water and 
mineral salts. Such plants wilt easily when 
exposed to drought conditions as they are 
not adapted to conserve water. The Majority 
of flowering plants are mesophytes. Compare 
hydrophyte; xerophyte. 


mesothelium A single layer of thin plate- 
like cells covering the surface of the inside 
of the abdominal cavity and thorax and sur- 
rounding the heart, forming part of the 
“peritoneum and ‘pleura (see serous mem- 
brane). It is derived from the *mesoderm. 
Compare endothelium; epithelium. 


Mesozoic The geological era that extended 
from the end of the *Palaeozoic era, about 
225 million years ago, to the beginning of 
the *Cenozoic era, about 65 million years 
ago. It compiises the *Triassic, “Jurassic 
and *Cretaceous periods. The Mesozoic era 
is often known as the Age of Reptiles as 
these animals, which included the dinosaurs, 
Plerosaurs, and ichthyosaurs, became the 
dominant lifeform; most became extinct 
before tne end of the era. 


messenger RNA See RNA. 


metabolism The sum of the chemical Seats 
tions that occur within living organisms. 
The various compounds that take part in OF | 
are formed by these reactions are called me- 
tabolites. In animals many metabolites afe 
obtained by the digestion of food, whereas 
in plants only the basic starting materials 
(carbon dioxide, water, and minerals) are 
externally derived. The synthesis (*anabo- 
lism) and breakdown (*catabolism) of most 
compounds occurs by a number of reaction 
Steps, the reaction sequence being termed 2 
metabolic pathway. Some pathways (¢-8 
‘elycolysis) are linear; others (eg. the 
"Krebs cycle) are cyclic. The changes at 
cach step in a pathway are usually small 
and are promoted by efficient biological cat- 
alysis — the enzymes. In this way the 
amounts of energy required or released ât 
any given stage are minimal, which helps iP 
maintaining a constant *internal environ- 
ment. Various *feedback mechanisms cXist 
to govem metabolic rates. 


metacarpal One of the bones in the *meta- 
carpus. 


metacarpus The hand (or corresponding 
part of the forelimb) in terrestrial 
Vertebrates, consisting of a number of rod- 
shaped bones (metacarpals) that articulate 
with the bones of the wrist (see carpus) and 
those of the fingers (see phalanges). The 
number, of metacarpals varies between spe- 
cles: in the basic *pentadactyl limb there 
are five, but this number is reduced in 
many species, 


metameric segmentation (metamerism; 
Segmentation) The division of an animal's 
body (except at the head region — see ceph- 
alization) into a number of compartments 
(segments or metameres) each containing the 
Same organs. Metameric segmentation is 
most strongly marked in annelid worms (e.g. 
farthworms), in which the muscles, blood 
Vessels, nerves, etc, are repeated in each seg- 
M In these animals the segmentation is 
2 ious both externally and internally. It al- 
te Occurs internally in arthropods and in 
M embryonic 3 development of all 
CU rates, in which it is confined to parts 
t e muscular, skeletal, and nervous sys- 
ems and does not show externally. 


pa * is The rapid transformation 
GA e larval to the adult form that oc- 
Sa in the life cycle of many invertebrates 
from nPhibians. Examples are the changes 
Pupa h tadpole to an adult frog and from a 
CM € En adult insect. Metamorphosis of- 
3 Olves considerable destruction of lar- 

issues by lysosomes, and in both insects 


Se bians it is controlled by hor- 


kon ase The second stage of cell divi- 
uring which the membrane around 
nucleus breaks down, the *spindle 
I ES centromeres attach the chromo- 
SM € equator of the spindle. In the 
pu a of *meiosis pairs of chromo- 
tosis eet) are attached, while in *mi- 
individ, the second metaphase of meiosis, 
ual chromosomes are attached. 
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metaplasia The transformation of a tissue 
into a different type. This is an abnormal 
process; for example, metaplasia of the epi- 
thelium of the bronchi may be an early sign 
of cancer. 


metatarsal One of the bones in the 
*metatarsus. 


metatarsus The foot (or corresponding part 
of the hindlimb) in terrestrial vertebrates, 
consisting of a number of rod-shaped bones 
(metatarsals) that articulate with the bones 
of the ankle (see tarsus) and those of the 
toes (see phalanges). The number of 
metatarsals varies between species: in the 
basic *pentadactyl limb there are five, but 
this number is reduced in some species. 


Metatheria A subclass of mammals con- 
taining the marsupials. The female bears an 
abdominal pouch (marsupium) into which 
the newly born young, which are in a very 
immature state, move to complete their de- 
velopment. They obtain nourishment from 
the mother’s mammary teats. Modern mar- 
supials are restricted to Australasia (where 
they include the kangaroos, koala bears, 
phalangers, and bandicoots) and America 
(the opossums). Marsupials evolved during 
the late Cretaceous period, 80 million years 
ago. In Australia, where the marsupials have 
been isolated for millions of years, they 
show the greatest diversity of form, having 
undergone "adaptive radiation to many of 
the niches occupied by placental mammals 
elsewhere. Compare Eutheria; Prototheria. 


Metazoa The subkingdom of animals in 
which the body is composed of many cells 
grouped into tissues and coordinated by a 
nervous system. It comprises all vertebrates 
and invertebrates except the *Protozoa and 
*Porifera (sponges). 


methionine See amino acid. 


METHYLENE BLUE 


methylene blue A blue dye used in optical 
microscopy to stain nuclei of animal tissues. 
It is also suitable as a vital stain and a bac- 
terial stain. 


metre Symbol m. The SI unit of length 
that is equal to 39.37 inches. It is formally 
defined as the length of the path travelled 
by light in vacuum during a time interval of 
1/299 792 458 of a second. This definition, 
adopted by the General Conference on 
Weights and Measures in October, 1983, re- 
Placed the 1967 definition based on the 
krypton lamp, ie. 1650 763.73 wavelengths 
in a vacuum of the radiation corresponding 
to the transition between the levels 2p!9 
and Sd° of the nuclide krypton-86. This 
definition (in 1958) replaced the older defi- 
nition of a metre based on a platinum-iridi- 
um bar of standard length. 


micelle An aggregate of molecules in a 
“colloid. For example, Phospholipids in 
aqueous solution form micelles — small 
clusters of molecules in which the nonpolar 
hydrocarbon groups are in the centre and 


the hydrophilic polar groups are on the 
outside. 


micro- Symbol i. A prefix used in the met- 
tic system to denote one millionth. For ex- 
ample, 105 metre = 1 micrometre (um). 


microbiology The scientific study of micro- 
organisms (e.g. bacteria, viruses, and fungi). 
Originally this was directed towards their ef- 
fects (e.g. in causing disease and decay), but 
during the 20th century the emphasis has 
shifted to their physiology and biochemistry, 
Microbes are now recognized as important 
vehicles for the study of biochemical pro- 
cesses common to all living organisms, and 
their rapid growth enables their laboratory 


culture in large numbers for studies in ge- 
netics. 


microdissection (micromanipulation) A 
technique used for the dissection of living 


cells under the high power of an optical mi- 
croscope. It utilizes minute mechanically 
manipulated instruments, such as needles, 
scalpels, and pipettes. For example, the in- 
struments may be used to remove à single 
nucleus from one cell and to implant it in 
another. 


microfossil A "fossil that is so small that it 
can only be studied under a mier 
Microfossils include bacteria, diatoms, an 
Protozoa and parts of organisms, such 8$ 
plant pollen and skeletal fragments: 
Microfossils are important in the correlation 
of rocks where only small samples are avail- 
able. The study of microfossils, particularly 
Pollen, is known as *palynology. 


micromanipulation See microdissection. 


micronutrient A nutrient required by a 
ganisms in relatively small quantities. 
cronutrients are typically found in cofactors 
and coenzymes. They include *vitamins i 
trace elements (see essential element). C 
pare macronutrient. 


microorganism (microbe) Any organis 
that can be observed only with the aid 
microscope. Microorganisms include bia 
ria, viruses, rickettsiae, protozoans, 8% 
some algae and fungi. See microbiology- 


microphyll A type of foliage leaf seen i? 
certain pteridophytes (e.g. Selaginella, a 
Podium) that has a single unbranched ™ 

Tib. Such leaves are generally no morc " 
a few millimetres long. Compare megaphy" 


micropyle A small opening in the surfaor 
of a plant ovule through which the pol! 
tube passes prior to fertilization. It A 
from the incomplete covering of the nucelu* 
by the integuments. It remains as an OPH 
ing in the testa of most seeds through whi 
water is absorbed. 
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eye 


eyepiece 


first real 
image 


objective 


object 


final virtual 
image 


Compound microscope 


Microscope 


fici A device for forming a magni- 
sl of a small object. The simple mi- 
d nsists of a biconvex magnifying 
imac equivalent system of lenses, ci- 
A eld Or in a simple frame. The 
ee ioe eee uses two lenses or sys- 
rd lenses, the second magnifying the 

GS Gan formed by the first. The lenses 
a tube i mounted at the opposite ends of 
SES has mechanical controls to move 
un to the object. An optical con- 

light d mirror, often with a separate 
ject SR » Provide illumination of the ob- 
Consists Dey used binocular microscope 
e separate instruments fas- 
er so that one eye looks 

ane While the other eye looks 
Other, This gives stereoscopic 


us 


through 
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vision. See also electron microscope; phase- 
contrast microscope; ultraviolet microscope. 


microspore See sporophyll. 
microsporophyll See sporophyll. 


microtome A machine used to cut thin sec- 
tions (3—5 um thick) of plant or animal tis- 
sue for microscopical observation. There are 
various designs of microtome, cach basically 
consisting of a steel knife, a block for sup- 
porting the specimen, and a device for mov- 
ing the specimen towards the knife. The 
specimen is usually supported by being em- 
bedded in wax; if a freezing microtome is 
used, the specimen is frozen. An ultra- 

microtome is used to cut much thinner 

sections (20-100 nm thick) for electron mi- 

croscopy. The biological material is embed- 
ded in plastic or resin, sectioned with a 
glass or diamond knife, and the cut sections 
are allowed to float on the surface of water 
in an adjacent water bath. 


microtubule A minute protein filament in 
living cells that occurs singly or in pairs, 
triplets, or bundles. Microtubules help cer- 
tain cells (e.g. nerve cells) to maintain their 
shape; they also occur in *cilia, “flagella, 
and the *centrioles and form the ‘spindle 
during nuclear division. 


microvillus One of a number of minute 
finger-like projections on the free surfaces of 
epithelial cells. Microvilli are covered with 
cell membrane and their cytoplasm is con- 
tinuous with the main cell cytoplasm. Their 
purpose is probably to increase the absorp- 
tive or secretory surface area of the cell, 
and they are abundant on the villi of the 
intestine. 


midbrain (mesencephalon) One of the 
three sections of the brain of a vertebrate 
embryo. Unlike the *forebrain and the 
*hindbrain, the midbrain does not undergo 
further subdivision to form additional zones. 


MIDDLE EAR 


In mammals it becomes part of the *brain- 
stem, but in amphibians, reptiles, and birds 
the roof of the midbrain becomes enlarged 
as the tectum, a dominant centre for integra- 
tion, and may include a Pair of optic lobes 


middle ear (tympanic cavity) The air- 
filled cavity within the skull of vertebrates 
that lies between the *outer ear and the *in- 
ner car. It is linked to the Pharynx (and 
therefore to outside air) via the *Eustachian 
tube and in mammals contains the three 
“ear ossicles, which transmit auditory vibra- 
tions from the outer ear (via the *tympa- 
num) to the inner ear (via the *fenestra 
ovalis). 


middle lamella A thin layer of material, 
consisting mainly of Pectins, that binds to- 
gether the walls of adjacent plant cells. 


midgut 1. The middle section of the ali- 
mentary canal of Vertebrates, which is con- 
and 


migration The seasonal movement of com- 
Plete populations of animals to a more fa- 
vourable environment. It is usually a re- 
sponse to lower temperatures resulting in a 
reduced food Supply, and is often triggered 
by a change in day length (see Photoperiod- 
ism) Migration is common in 

(e.g. porpoises), fish (e.g. eels and salmon), 
and some insects but is most marked in 
birds. The Arctic tern, for example, migrates 
annually from its breeding ground in the 
Arctic circle to the Antarctic — a distance 
of some 17600 km. Migrating animals ap- 
Pear to possess considerable 


Powers of ori- 
entation, but the Precise mechanisms by 
which they navigate are not known. 


milk The fluid secreted by the *, 
glands of mammals. It Provides a 
and highly nutritious food for 


mammary 
balanced 
offspring. 


Cows’ milk comprises about 87% water, 
3.6% lipids (triglycerides, phospholipids, 
cholesterol, etc.), 3.3% protein (largely case- 
in), 4.7% lactose (milk sugar), and, in much 
smaller amounts, vitamins (especially vita- 
min A and many B vitamins) and minerals 
(notably calcium, phosphorus, sodium, po- 
lassium, magnesium, and chlorine). Cod 
sition varies among species; human mil 
contains less protein and more lactose. 


milk sugar See lactose. 
milk teeth See deciduous teeth. 


milli- Symbol m. A prefix used in the my 
ric system to denote one thousandth. Fo! 
example, 0.001 metre = 1 millimetre (mm). 


millipedes See Myriapoda. 


mimicry The resemblance of one animal d 
another, which has evolved as a means O 
Protection. In one form of mimicry the 
markings of certain harmless insects closely 
Tesemble the *warning coloration of another 
insect (the model). Predators that have 
lamt to avoid the model will also avoid 
good mimics of it. This phenomenon is of- 
ten found among butterflies. A second form 
of mimicry involves the mutual resemblance 
of a group of animals, all harmful, such 35 
the wasp, bee, and hornet, so that 4 
Predator, having experienced one, will sub- 
sequently avoid them all. 


mineralocorticoid See corticosteroid. 


mitochondrion A structure within the ct 
plasm of plant and animal *cells that cary 
Out aerobic respiration: it is the site of the 
“Krebs cycle and *electron transport chain. 
and therefore the cell’s energy production. 
Mitochondria vary greatly in shape, ae 
and number but are typically oval or sal 
Sage-shaped and bounded by two mem- 
branes, the inner one being folded into firs 
Ber-like projections (cristae). They are MOS 


numerous in cells with a high level of meta- 
bolic activity, 


ae The division of a cell to form two 
Bhier cells each having a nucleus con- 


Prophase 


nuclear 
membi 


centriole ran 


cytoplasm 


chromatids centromere 


(b) 


Anaphase 


equator 
of spindle 


Th 
two pages of mitosis in a cell containing 
irs of homologous chromosomes 
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taining the same number and kind of chro- 
mosomes as the mother cell. The changes 
during divisions are clearly visible with a 
light microscope. Each chromosome divides 
lengthwise into two *chromatids, which sep- 
arate and form the chromosomes of the re- 
sulting daughter nuclei. The process is di- 
vided into four stages, © *prophase, 
‘metaphase, ‘anaphase, and *telophase, 
which merge into each other (sec illustra- 
tion) Mitotic divisions ensure that all the 
cells of an individual are genetically identi- 
cal to each other and to the original fertil- 
ized egg. 


mitral valve (biscuspid valve) A valve, 
consisting of two flaps, situated between the 
left atrium and the left ventricle of the 
heart of birds and mammals. When the left 
ventricle contracts, forcing blood into the 
aorta, the mitral valve closes the aperture to 
the left atrium, thereby preventing any 
backflow of blood. The valve reopens to al- 
low blood to flow from the atrium into the 
ventricle. Compare tricuspid valve. 


mmHg A unit of pressure equal to that ex- 
erted under standard gravity by a height of 
one millimetre of mercury, or 133.322 pas- 
cals. 


modern synthesis See neo-Darwinism. 
molality See concentration. 


molar 1. A broad ridged tooth in the adult 
dentition of mammals, found at the back of 
the jaws behind the premolars. There are 
two or more molars on each side of both 
jaws; their surfaces are raised into ridges or 
*cusps for grinding food during chewing. In 
man the third (and most posterior) molar 
does not appear until young adulthood: 
these molars are known as wisdom teeth. 2. 
Denoting that an extensive physical proper- 
ty is being expressed per *amount of sub- 
stance, usually per mole. For example, the 
molar heat capacity of a compound is the 


MOLARITY 


heat capacity of that compound per unit 
amount of substance, ie. it is usually ex- 
pressed in J K ^! mol- !. 


molarity See concentration. 


mole Symbol mol. The SI unit of *amount 
Of substance. It is equal to the amount of 
substance that contains as many elemen 
units as there are atoms in 0.012 kg of car- 
bon-12. The elementary units may be at- 
oms, molecules, ions, radicals, electrons, etc., 
and must be specified. | mole of a com- 
pound has a mass equal to its *relative mo- 
lecular mass expressed in grams, 


molecular biology The Study of the struc- 
ture and function of large molecules associ- 
ated with living Organisms, in particular 
proteins and the nucleic acids *DNA and 
"RNA, 


Molisch’s test See alpha-naphthol test. 


Mollusca A Phylum of Soft-bodied in- 
Vertebrates charac 


body differentiated into a head, a ventral 


cur in marine, freshw: 
habitats and there are six Classes, including 
the *Gastropoda (snails, slugs, etc.), 
*Lamellibranchia (bivalves), and *Cephalo- 
Poda (squids and octopuses), 


ater, and terrestrial 


Monera In some systems of classification, 
the kingdom that includes the bacteria, 
blue-green algae, and, other microorganisms 
with prokaryotic *cells. See also Protista, 


mongolism See Down's syndrome. 


monochasium See cymose inflorescence. 
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monoclonal antibody A specific *antibody 
produced by one of numerous identical cells 
derived from a single parent cell. (The pop- 
ulation of these cells comprises a *clone and 
each cell is said to be monoclonal.) The par- 
ent cell is obtained by the fusion of a nor- 
mal antibody-producing cell (a lymphocyte) 
with a cell derived from a malignant tumour 
of *lymphoid tissue of a mouse. This hybrid 
cell then multiplies rapidly and yields large 
amounts of antibody. Monoclonal antibodies 
are used to identify a particular antigen 
within a mixture and can therefore be used 
for identifying blood groups; they also en- 
able the production of highly specific, and 
therefore effective, *vaccines, 


Monocotyledonae One of the two classes 
or subclasses of plants within the *Angios- 
Permae, distinguished by having one seed 
leaf (cotyledon) within the seed. The mo- 
nocotyledons generally have parallel leaf 
veins, scattered vascular bundles within the 
stems, and flower parts in threes or multi- 
Ples of three. Monocotyledon species include 
some crop plants (e.g. cereals, onions, fod- 
der grasses), Omamentals (eg. tulips, 


orchids, lilies), and à very limited number 
of tres (eg. the palms) Compare 
Dicotyledonae, 


monocyte The largest form of white blood 
cell (*leucocyte) in vertebrates, Tt has a kid- 
ney-shaped nucleus and is actively phago- 
ytic, ingesting bacteria and cell debris (see 
phagocyte), 


monoecious Describing plant species that 
have separate male and female flowers on 
the same plant. Examples of monoecious 


plants are maize and birch. Compare dioe- 
cious. 


monohybrid The offspring of a cross be- 
tween parents that differ in the alleles they 
Possess for one particular gene, one parent 
having two dominant alleles and the other 
two recessives. All the offspring have one 


Pi 
(parental 


yaa, Pure-breeding tall plant 


gametes 
fertilization 


Fs (first filial 
generation) 


gametes 


Self-fertilization 


O 


is aa 
was 


V 


MONOSACCHARIDE 


pure breeding dwarf plant 


all tall plants 
x 


F3 (2nd filial 
enerati 
Generation) ^ pure-breeding hybrid pure-breedin: 
yl g 
tall-plant tall plants dwarf plant 
monohyb; 
fatio, "nd 3 n 


The inheritance of stem lengths in garden peas 


ae dd one recessive allele for that 

Crossin, RE are hybrid at that one locus). 

Cel etween these offspring yields a 

followin Ue 3:1 (monohybrid) ratio in the 

(rie E generation of dominant:recessive 
ypes (see illustration). 


m 
Rae Denoting any group of or- 
ei at are assumed to have originated 
Gu Same ancestor, ie. any family, 
ms SIS a natural classification. Some- 
and des; erm has a more limited meaning 
clude Bien only -those groups that in- 
cestor. In i: descendants of a common an- 
considered MS restricted sense the birds are 
the sole d monophyletic because they arc 
Triassic scendants of a group of arboreal 
not, cae but the modern reptiles are 
cestor ES their common amphibian an- 
mals, Such Bave rise to the birds and mam- 
scribed Broups as the reptiles are de- 
paraphyletic. Compare 


as 
Polyphyletic. 


mono, 
Phyodont Describing a type of denti- 


tion * 
that A Consists of a single set of teeth 
animal for the entire lifespan of an 


* Compare diphyodont; pólyphyodont. 
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monopodium The primary axis of growth 
in such plants as pine trees. It consists of a 
single main stem that continues to grow 
from the tip and gives rise to lateral 
branches. Compare sympodium. 


monosaccharide (simple sugar) A carbo- 
hydrate that cannot be split into smaller 
units by the action of dilute acids. Mono- 
saccharides are classified according to the 
number of carbon atoms they possess: tri- 
oses have three carbon atoms; tetroses, four; 
pentoses, five; hexoses, six; etc. Each of 
these is further divided into aldoses and ke- 
toses, depending on whether the molecule 
contains an aldehyde group (- CHO) or a 
ketone group (-CO-). For example glu- 
cose, having six carbon atoms and an alde- 
hyde group, is an aldohexose whereas fruc- 
tose is a ketohexose. These aldehyde and 
ketone groups confer reducing properties on 
monosaccharides: they can be oxidized to 
yield sugar acids. They also react with 
phosphoric acid to produce phosphate esters 
(eg..in *ATP), which are important in cell 
metabolism. Monosaccharides can exist as 
either straight-chain or ring-shaped mole- 
cules. They also exhibit *optical activity, > 


MONOTREMES | 


giving rise to both dextrorotatory and 
laevorotatory forms. 


monotremes See Prototheria. 
monozygotic twins See identical twins. 


morphine An alkaloid present in opium. It 
is an analgesic and narcotic, used medically 
for the relief of severe pain. 


morphogenesis The development, through 
growth and differentiation, of form and 
Structure in an organism. 


morphology The study of the form and 
Structure of organisms, especially their exter- 
nal form. Compare anatomy, 


mosses See Musci; 
moths See Lepidoptera. 


Motivation The internal conditions respon- 
Sible for temporary reversible changes in the 
responsiveness of an animal to external 
stimulation. Thus an animal that has been 
deprived of food will accept less palatable 
food than one that has not been deprived: 
the difference is attributed to a change in 
feeding motivation. Changes in Tesponsive- 
ness due to maturation, “learning, or injury 
are not usually readily reversible and are 
therefore not considered to be due to 
changes in motivation. Early attempts to di 
scribe motivation in terms of a number 
separate ‘drives’ (e.g. food drive, sex drive) 
have not found general favour, Partly be- 
cause ‘drives’ interact with one another; for 
example, water deprivation often affects an 
animal's willingness to feed. 


le- 
of 


motor neurone A ‘neurone that transmits 
nerve impulses from the central nervous sys- 
tem to an effector organ (such as a muscle 
or gland) and thereby initiates a Physiologi- 
cal response (e.g. muscle contraction). 


moulting 1. The seasonal loss of hair, fur, 
Or feathers that occurs in mammals and 
birds. 2. The periodic loss of the integu- 
ment of arthropods and reptiles. See ecdy- 
sis. 


mouthparts Modified paired appendages on 
the head segments of arthropods, used for 
feeding. A typical insect has a *labium 
(lower lip), one pair each of *mandibles and 
"maxillae, and a *labrum (upper lip). al- 
though in many the mouthparts are modi- 
fied to form piercing stylets or a sucking 
Proboscis. Crustaceans, centipedes, and mil- 
lipedes have one pair of mandibles and two 
Pairs of maxillae used for cutting and hold- 
ing the food. Crustaceans also have several 
Pairs of maxillipedes. 


mucilage A gumlike substance frequently 
present in the cell walls of aquatic plants 
and in the seed coats of certain other spe- 
cies. Mucilages are hard when dry and 
slimy when wet. Like *gums they probably 
have a general protective function or serve 
to anchor the plant. Some organisms (€ 
certain bacteria) are completely covered 
with mucilage and in such cases it probably 
Prevents water loss. 


mucous membrane A layer of tissue com- 
Prising an epithelium supported on connec- 
tive tissue. Within the epithelium are special 
goblet cells, which secrete *mucus onto ie 
Surface, and the epithelium often bears cilia. 
Mucous membranes line body cavities com- 
municating with the exterior, including the 
alimentary and Tespiratory tracts. Compare 
serous membrane, 


mucus The slimy substance secreted bY 
Boblet cells onto the surface of a *mucous 
membrane to protect and lubricate it and to 
tap bacteria, dust particles, etc, Mucus con- 
sists of water, the glycoprotein mucin, cells, 
and salts. 


multicellular Describing tissues, organs, or 
organisms that are composed of a number 
of cells, Compare unicellular. 


multifactorial inheritance The determina- 
tion of a particular characteristic, e.g. height 
or skin colour, by many genes, cach having 
a small effect individually. Characteristics 


controlled in this way show *continuous va- 
Nation. 


Musci A class of plants within the *Bry- 
pPhyta comprising the mosses, which are 
und in both damp (including freshwater) 
and drier situations. Mosses Possess erect or 
TON leafy Stems, which give rise to leaf- 
B dan bearing capsules. Spores formed 
¢ capsules are released and grow to 


Produce new i 
pisa plants. A common moss is 


ded A tissue consisting of sheets or 
Pug of cells (muscle fibres) that are ca- 
Ci of contracting, so producing move- 
Or tension in the body. There are 
s types of muscle, *Voluntary muscle 
Tae e voluntary movement (eg. at 
ds ); "involuntary muscle mainly effects 
= Movements of hollow organs (e.g. intes- 
e and bladder); and *cardiac muscle oc- 
curs only in the heart. 


SS An agent that causes an increase 
R lumber of mutants (see mutation) in 
Seat, Mutagens operate cither by 
= in cAngrs in the DNA of the *genes, 
causing ‘ering with the coding system, or by 
icals (e Chromosome damage. Various chem- 

^E *colchicine) and forms of radia- 


ti 
ES (eg. X-rays) have been identified as 


en A sudden random change in the 


Ye material of a cell that may cause it 
Cells derived from it to differ in ap- 
type) An S behaviour from the normal 
(especiall Organism affected by a mutation 
Y One with visible effects) is de- 
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scribed as a mutant. Somatic mutations af- 
fect the nonreproductive cells and are there- 
fore restricted to the tissues of a single 
organism but germ-line mutations, which oc- 
cur in the reproductive cells or their precur- 
sors, may be transmitted to the organism's 
descendants and cause abnormal develop- 
ment. 

Mutations occur naturally at a low rate 
but this may be increased by radiation and 
by some chemicals (see mutagen). Most (the 
gene mutations) consist of invisible changes 
in the DNA of the chromosomes, but some 
(the chromosome mutations) affect the ap- 
pearance or the number of the chromo- 
somes. An example of a chromosome muta- 
tion is that giving rise to *Down's 
syndrome. 

The majority of mutations are harmful, 
but a very small proportion may increase an 
organism's “fitness; these spread through 
the population over successive generations 
by natural selection. Mutation is therefore 
essential for evolution, being the ultimate 
source of genetic variation. 


mutualism An interaction between two spe- 
cies in which both species benefit. (The 
term *symbiosis is often used synonymously 
with mutualism.) A well-known example of 
mutualism is the association between ter- 
mites and the specialized protozoans that 
inhabit their guts. The protozoans, unlike 
the termites, are able to digest the cellulose 
of the wood that the termites cat and re- 
lease sugars that the termites absorb. The 
termites benefit by being able to use wood 
as a foodstuff, while the protozoans are sup- 
plied with food and a suitable environment. 


mycelium A network of *hyphae that 
forms the body of a fungus. It consists of 
feeding hyphae together with reproductive 
hyphae, which produce *sporangia and 
*gametangia. 


mycology The scientific study of *fungi. 


MYCOTA 
Mycota See fungi. 


myelin sheath (medullary sheath) The 
layer of fatty material that surrounds and 
electrically insulates the axons of most ver- 
tebrate and some invertebrate neurones. The 
myelin sheath enables a more rapid trans- 
mission of nerve impulses (at speeds up to 
120 ms~'). It consists of layers of mem- 
brane derived from *Schwann cells. The 
sheath is interrupted at intervals along the 
axon by nodes of Ranvier; myelinated sec- 
tions of axon are called internodes. 


myeloid tissue Tissue within Ted *bone 
marrow that produces the blood cells. It is 
found around the blood vessels and contains 


various cells that are Precursors of the 
blood cells. 


molecule” of Oxygen. 
quished at relatively low external Oxygen 
concentrations, eg. during strenuous exer- 
cise when muscle oxygen demand outpaces 
Supply from the blood. Myoglobin thus acts 
as an emergency oxygen store. 


This is Only relin- 


ed by using diverging spectacle lenses to 
move the image back to the retina. 


Myriapoda A group of terrestrial arthro- 
pods generally found in damp conditions, 
comprising centipedes (class Chilopoda), 
millipedes (class Diplopoda), pauropods 
(class Pauropoda), and symphylids (class 
Symphyla). Myriapods characteristically pos- 
sess a distinct head with a single pair of 
antennae and a wormlike body with numer- 
ous similar segments, each bearing one or 
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two pairs of legs. Young myriapods may 
hatch with fewer segments than the adult, 
gaining more with each successive moult, 
Centipedes are fast-moving predators with 
15-177 body segments, relatively long an- 
tennae, and the first pair of appendages 
specialized as poison fangs; the remaining 
segments each bear a single pair of legs. 
Millipedes are slow moving and feed on de- 
caying leaves. The antennae are short and 
the body consists of 20 to over 60 segments, 
each bearing two pairs of legs. 


Myxomycota See slime fungi. 


myxovirus One of a group of RNA-con- 
taining viruses associated with various dis- 
cases of man and other vertebrates. Ortho- 
myxoviruses produce diseases of the 
Tespiratory tract, eg. influenza; paramyx- 
oviruses include the causal agents of mumps, 
measles, and fowl pest. 


N 


NAD (nicotinamide adenine dinucleo- 
tide) A coenzyme, derived from the B vi- 
tamin *nicotinic acid, that participates in 
many biological dehydrogenation reactions. 
NAD is characteristically loosely bound to 
the enzymes concerned. It normally carries 
a positive charge and can accept one hydro- 
gen atom and two electrons to become the 
reduced form, NADH. NADH is generated 
during the oxidation of food, especially by 
the reactions of the *Krebs cycle. It then 
gives up its two electrons (and single pro- 
ton) to the *electron transport chain, there 
by reverting to NAD * and generating three 
molecules of ATP per molecule of NADH. 

NADP (nicotinamide adenine dinucleotide 
Phosphate) differs from NAD only in pos- 
sessing an additional phosphate group. It 
functions in the same way as NAD al- 
though anabolic Teactions (see anabolism) 


generally use NADPH (reduced NADP) as 
a hydrogen donor rather than NADH. En- 
Zymes tend to be specific for either NAD or 
NADP as coenzyme. 


nano- Symbol n. A prefix used in the met- 
Tic system to denote 107°. For example, 
107 metre = 1 nanometre (nm). 


narcotic Any drug that induces stupor and 
relieves pain, especially morphine and other 
Opiates. Such narcotics are addictive and 
Cause dependence, and their medical use is 
Strictly controlled. 


nares (nostrils) The paired openings of the 

nasal cavity in vertebrates. All vertebrates 
have external nares, which open to the exte- 
cry in some species these are situated on a 
Nose. Internal nares (or choanae) are pre- 
sent only in air-breathing vertebrates (in- 
cluding lungfish) and open into the mouth 
Cavity. In mammals they open posteriorly, 
beyond the secondary *palate. 


nasal cavity The cavity in the head of a 
vertebrate that is lined by a membrane rich 
ìn sensitive olfactory receptors (see olfac- 
ps lt is connected to the exterior by ex- 

al nostrils and (in air-breathing 
Vertebrates) to the respiratory system by in- 
temal *nares, 


hastic movements Movements of plant or- 
"e ìn response to external stimuli that are 
independent of the direction of the stimuli. 
lip fi ples are the opening of crocus and tu- 
i i OWers in response to a rise in tempera- 
T€ (thermonasty), the opening of evening 
eroe flowers at night (photonasty), and 
le folding up and drooping of leaves of the 
Sensitive plant (Mimosa pudica) when lightly 
2x hed (seismonasty). Compare tropism. See 
? nyctinasty, 


al Broup A group of organisms of 
Y taxonomic rank that are believed to be 
“scended from a common ancestor (see 


157 


NEANDERTHAL MAN 


monophyletic). For example, man and the 
apes are often regarded as a natural group, 
descended from fossil ancestors, the dryo- 
pithecines (or their near relatives). In an 
ideal natural classification all taxa should be 
natural groups. See also cladistics. 


natural order In the classification of 
plants, the former name for a *family. 


natural selection The process that, accord- 
ing to *Darwinism, brings about the evolu- 
tion of new species of animals and plants. 
Darwin noted that the size of any popula- 
tion tends to remain constant despite the 
fact that more offspring ‘are produced than 
are needed to maintain it. He also saw that 
variations existed between individuals of the 
population and concluded that disease, com- 
petition, and other forces acting on the pop- 
ulation eliminated those individuals less well 
adapted to their environment. The survivors 
would pass on any inheritable advantageous 
characteristics (ie. characteristics with sur- 
vival value) to their offspring and in time 
the composition of the population would 
change in adaptation to a changing environ- 
ment. Over a long period of time this pro- 
cess could give rise to organisms so differ- 
ent from the original population that new 
species are formed. See also adaptive radia- 
tion. Compare punctuated equilibrium. 


nature and nurture The combined effects 
of inherited factors (nature) and environ- 
mental factors (nurture) on the development 
of an organism. The genetic potential of an 
organism will only be realized under appro- 
priate environmental conditions. See also 


phenotype. 


Neanderthal man A form of fossil man 
that appeared in Europe and Western Asia 
about 100 000 years ago. He was thought to 
be a different species (Homo neanderthalen- 
sis) from modern man but is now generally 
regarded as a subspecies of H. sapiens. The 
fossil remains indicate that Neanderthals 


NEAR POINT 


were fairly short and had low brows but 
that the brain size was the same as modem 
man's. They were nomadic hunters and are 
thought to have had a language. *Cromag- 
non began to replace Neanderthal man 
about 35 000 years ago. The name is derived 
from the site in the Neander valley, West 
Germany, where fossils were found in 1856. 


near point The nearest Point at which the 
human eye can focus an object. As the lens 
becomes harder with age, the extent to 
which accommodation can bring a near ob- 
Ject into focus decreases, Therefore with ad- 
vancing age the near Point recedes — a con- 
dition known as *presbyopia. 


nectar A sugary liquid produced in plants 
by nectaries, regions of Secretory cells on 
the receptacle or other Parts of a flower, It 
attracts pollinating insects or other animals. 


negative feedback See feedback. 


nekton “Pelagic organisms that actively 
swim through the water, Examples are fish, 


jellyfish, turtles, and whales, Compare plank- 
ton. 


nematoblast See thread cell. 


en invertebrates com- 
prising the roundworms, They are character- 
ized by a smooth narrow cylindrical u; 


neo-Darwinism (modern Synthesis) The 
current theory of the process of *evolution, 
formulated between about 1920 


and 1950, the 
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that combines evidence from classical genet- 
ics with the Darwinian theory of evolution 
by ‘natural selection (see Darwinism). It 
makes use of modern knowledge of genes 
and chromosomes to explain the source. of 
the genetic variation upon which selection 
Works. This aspect was unexplained by 
traditional Darwinism. 


neo-Lamarckism Any of the comparatively 
modem theories of evolution based on 
Lamarck's theory of the inheritance of ac- 
quired characteristics (see Lamarckism)- 
These include the unfounded dogma of 
"Lysenkoism and the recent controversial 
experiments on the inheritance of acquired 
immunological tolerance in mice. 


Neolithic The New Stone Age, beginning 
in the Middle East approximately 9000 BC 
and lasting until 6000 BC, during which 
man first developed agriculture. Grinding 
and polishing of stone tools was also prac- 
Used. 


neoplasm Any new abnormal growth of 
cells, forming either a harmless (benign) tu- 
mour or a malignant one (see cancer). 


neoteny The retention of the juvenile body 
form, or particular features of it, in a ma- 
ture animal. For example, the axolotl, a sal- 
amander, retains the gills of the larva in the 
adult. Neoteny is thought to have been an 
important ism in the evolution of 
certain groups, such as man, who is believed 


to have developed from the juvenile form of 
apes. 


nephron The excretory unit of the verte- 
brate *kidney (sce illustration), Many con- 
stituents of the blood are filtered from the 
“glomerulus into the Bowman’s capsule at 
one end of the nephron. The glomerular fil- 
trate ‘passes along the length of the nephron 
and most of its water, plus some salts, glu- 
cose, and amino acids, are reabsorbed into 
Surrounding blood capillaries, The re- 


> 


distal convoluted 
tubule 


Capsule 
glomerulus N " 
Proximal ( 
convoluted. 
tubule 
collecting duct f 

to 

t 

loop of Henle Lag 


Structure of a single nephron 


cone concentrated solution of nitrogen- 

salts ing wastes (*urea) plus inorganic 

See into the collecting ducts of the 

CRS and is discharged as *urine into 
ter, 


conie zone The region of the sca over the 

wes yall shelf, which is less than 200 me- 

depth C (approximately the maximum 

i ‘OT Organisms carrying out photosyn- 
is). Compare oceanic zone. 


Ed A Strand of tissue comprising many 
cl fibres plus supporting tissues, en- 
connect tie Connective-tissue sheath. Nerves 
Organs e central nervous system with the 
may and tissues of the body. A nerve 
ER Only motor nerve fibres (motor 
or it only Sensory fibres (sensory nerve) 

may be mixed and carry both types 
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(mixed nerve). Although the nerve fibres are 
in close proximity within the nerve, their 
physiological responses are independent of 
each other. 


nerve cell See neurone. 


nerve cord A large bundle of nerve fibres, 
running down the longitudinal axis of the 
body, that forms an important part of the 
*central nervous system. Most invertebrates 
have a pair of solid nerve cords, situated 
ventrally and bearing segmentally arranged 
*ganglia. All animals of the phylum *Chor- 
data have a dorsal hollow nerve cord; in 
vertebrates this is the *spinal cord. 


nerve fibre The *axon of a *neurone to- 
gether with the tissues associated with it 
(such as a *myelin sheath). The length and 
diameter of nerve fibres are very variable, 
even within the same organism. See also gi- 
ant fibre. 


nerve impulse See impulse. 


nerve net A network of nerve cells con- 
nected with each other by synapses or fu- 
sion. The nervous system of certain in- 
vertebrates (e.g. coelenterates and 
echinoderms) consists exclusively of a nerve 
net in the body wall. 


nervous system The system of cells and 
tissues in multicellular animals by which in- 
formation is conveyed between sensory cells 
and organs and effectors (such as muscles 
and glands). It consists of the *central ner- 
vous system (in vertebrates the *brain and 
*spinal cord; in invertebrates the *nerve 
cord and °ganglia) and the *peripheral ner- 
vous system. Its function is to receive, trans- 
mit, and interpret information and then to 
formulate appropriate responses for the ef- 
fector organs. It also serves to coordinate 
responses that require more than one physi- 
ological process. Nervous tissue consists of 
“neurones, which convey the information in 


NEUROENDOCRINE SYSTEM 


the form of *impulses, and supporting tis- 
sue. 


neuroendocrine system Any of the sys- 
tems of dual control of certain activities in 
the body of some higher animals by nervous 
and hormonal stimulation. For example, the 
Posterior “pituitary gland and the medulla 
of the *adrenal gland receive direct nervous 
stimulation to secrete their hormones, 
whereas the anterior Pituitary gland is stim- 
ulated by factors (neurosecretions) released 
from the hypothalamus. 


neurohormone Any hormone that is pro- 
duced not by an endocrine gland but bva 
specialized. nerve cell and is secreted. from. 
nerve endings into the bloodstream or di- 
rectly to the tissue or Organ whose growth 
or function it controls. Examples of 
neurohormones are "noradrenaline, *yaso- 
Pressin, and hormones associated with meta- 
morphosis and moulting in insects (see 
ecdysone, juvenile hormone). 


“synapses. Sensory neurones transmit infor- 
mation from “receptors to the central ner- 
vous system. Motor neurones conduct infor- 


neurone theory The hypothesis, now ac- 
cepted, that the nervous System consists of 
nerve cells (*neurones), which are function- 
ally linked at “synapses but are Physically 
separate. This theory has Superseded the 
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idea that the cytoplasm of the cells of the 
nervous system is continuous. 


neurotransmitter A chemical that mediates 
the transmission of a nerve impulse across à 
“synapse. Examples are *adrenaline and 
“noradrenaline (in adrenergic nerves) and 
“acetylcholine (in cholinergic nerves). The 
neurotransmitter is released at the tip of the 
“axon into the synaptic space. It diffuses 
across to the opposite membrane (the post- 
synaptic membrane), where it initiates the 
transmission of a nerve impulse in the next 
neurone. 


neuter An organism that does not possess 
cither male or female reproductive organs. 
Culüvated ornamental flowers that have 
neither pistils nor stamens are called 
neuters. 


neutral Describing a compound or solution 
that is neither acidic nor basic. A neutral 
solution is one that contains equal numbers 
of both protonated and deprotonated forms 
of the solvent. 


niacin See nicotinic acid. 
niche See ecological niche. 


nicotinamide adenine dinucleotide See 
NAD. 


nicotine A colourless poisonous alkaloid 
Present in tobacco. It is used as an insecti- 
cide, 


nicotinic acid (niacin) A vitamin of the 
"Vitamin B complex, It can be . manufac 
tured by plants and animals from the amino 
acid tryptophan. The amide derivative, nico- 
tinamide, is a component of the coenzymes 
"NAD and NADP. These take part in 
many metabolic reactions as hydrogen ac- 
ceptors. Deficiency of nicotinic acid causes 
the disease pellagra in humans. Apart from 


nucleus 
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dendrites 
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WYPlophan-rich protein, good sources are — nidation See implantation. 


liver and groundnut and sunflower meals. 


dating membrane A clear membrane 
ti, NE A third eyelid in amphibians, rep 
S irds, and some mammals (but not 
depo, Can be drawn across the comea in- 
iin ently of the other eyelids, thus clear- 
tion eye surface and giving added protec- 
HR ERE interrupting the continuity of 
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Nissl granules (Nissi bodies) Particles 
seen within the cell bodies of *neurones. 
They are rich in RNA and stain strongly 
with basic dyes. They are named after F. 
Nissl (1860-1919), the German neurologist 
who discovered them. 


nitrification A chemical process in which 
nitrogen (mostly in the form of ammonia) 


NITROGEN 


in plant and animal wastes and dead re- 
mains is oxidized at first to nitrites and 
then to nitrates. These reactions are effected 


mainly by the bacteria Nitrosomonas and. 


Nitrobacter respectively. Unlike ammonia, 
Nitrates are readily taken up by plant roots; 
Nitrification is therefore a crucial part of the 
"nitrogen cycle. Nitrogen-containing com- 
pounds are often applied to soils deficient 
in this element, as fertilizer. Compare deni- 
trification. 


nitrogen Symbol N. A colourless gascous 
element that occurs in air (about 78% by 
volume) and is an essential constituent of 
proteins and nucleic acids in living organ- 
isms (see nitrogen cycle), 


nitrogen fixation by 
lightning 


nitrification 


nitrification 


nitrogen in 


the atmosphere 
denitrification 


nitrates in 


nitrogen cycle One of the major cycles of 
chemical elements in the environment. Ni- 
trates in the soil are taken up by plant 
Toots and may then pass along *food chains 
into animals. Decomposing bacteria convert 
nitrogen-containing compounds (especially 
ammonia) in plant and animal wastes and 
dead remains back into nitrates, which are 
released into the soil and can again be tak- 
en up by plants (see nitrification). Though 
nitrogen is essential to all forms of life, the 
huge amount present in the atmosphere is 
not directly available to most organisms 
(compare carbon cycie). It can, however, be 
assimilated by some specialized bacteria and 
algae (see nitrogen fixation) and is thus 
made available to other organisms indirect- 


nitrogen fixation by 


bacteria 
nitrogen in 
bacteria 


nitrification 


uptake by roots 


Protein in 
plants 


death 


feeding 


death 


al ja in dead 
organic matter 


The nitrogen cycle 
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ly. Lightning flashes also make some nitro- 
Ben available to plants by causing the com- 
bination of atmospheric nitrogen and 
Oxygen to form oxides of nitrogen, which 
cater, the soil and form nitrates. Some nitro- 
gen is returned from the soil to the atmos- 
Phere by denitrifying bacteria (see denitrifi- 
Cation), 


nitrogen fixation A chemical process in 
which atmospheric nitrogen is assimilated 
into organic compounds in living organisms 
and; hence into the *nitrogen cycle. The 
ability to fix nitrogen is limited to certain 
bacteria (e.g. Azotobacter) and blue-green al- 
Bae (eg. Anabaena), Rhizobium bacteria are 
able to fix nitrogen in association with cells 
in the roots of leguminous plants such as 
[end beans, in which they form charac- 
t ic root nodules; cultivation of legumes 
is, therefore one way of increasing soil nitro- 
£u Various chemical processes are used to 
a epher nitrogen in the manufacture 
e sen These include the *Birke- 

Eyde process, the cyanamide process 
= calcium dicarbide), and the *Haber pro- 


nitrogenous base A basic compound con- 

taining nitrogen. The term is used especially 
Organic ring compounds, such as adenine, 

ere cytosine, and thymine, which are 
nstituents of nucleic acids. 


NMR See nuclear magnetic resonance. 


Sena (in botany) The part of a plant 
The rom which one or more leaves arise. 
Nodes at the stem apex are very close 

and remain so in species of mono- 
eee that form bulbs. In older regions 
CES Stem they are separated by areas of 
HER internodes. 2. (in anatomy) A 
ai thickening or bulge in an organ or 
3 ee body. Examples are the sinoatri- 
m that controls the heartbeat (see 

icemaker) and the *lymph nodes. 


NUCELLUS 
node of Ranvier See myelin sheath. 


nomad (in cytology) A cell that migrates or 
wanders from its site of formation. Certain 


types-of *phagocytes are nomads. 


noradrenaline (norepinephrine) A hor- 
mone produced by the *adrenal glands and 
also secreted from nerve endings in the 
*sympathetic nervous system as a chemical 
transmitter of nerve impulses (see neuro- 
transmitter). Many of its general actions are 
similar to those of ‘adrenaline, but it is 
more concerned with maintaining normal 
body .activity than with preparing the body 
for emergencies. 


norepinephrine See noradrenaline. 


nose The protuberance on the face of some 
vertebrates that contains the nostrils (see 
nares) and part of the *nasal cavity. It 
therefore forms part of the olfactory system 
(see olfaction) and the external opening of 
the respiratory system. 


nostrils See nares. 


notochord An elastic skeletal rod lying 
lengthwise beneath the nerve cord and 
above the alimentary canal in the embryos 
or adults of all chordate animals (see Chor- 
data). Its function is to strengthen and sup- 
port the body and act as a protagonist for 
the muscles. It is found in both the adult 
and larva of Amphioxus but in adult 
vertebrates it is largely replaced by the *ver- 
tebral column. 


nucellus The tissue that makes up the 
greater part of the ovule of seed plants. It 
contains the *embryo sac and nutritive tis- 
sue. It is enclosed by the integuments ex- 
cept for a small gap, the *micropyle. In cer- 
tain flowering plants it may persist after 
fertilization and provide nutrients for the 
embryo. 


NUCLEAR MAGNETIC RESONANCE 


nuclear magnetic resonance (NMR) The 
absorption of electromagnetic radiation (ra- 
dio waves) by certain atomic nuclei placed 
in a strong magnetic field. The main appli- 
cation is in a form of spectroscopy (NMR 
spectroscopy) used for chemical and bio- 
chemical analysis and structure determina- 
tion. The usual technique is to irradiate a 
sample with radio waves at a fixed frequen- 
cy and subject it to a strong magnetic field, 
which can be varied in a controlled way. As 
the field changes absorption of radiation oc- 
curs at certain points, and this produces os- 
cillations in the field, which can be de- 
tected. The’ 'H nucleus is the one 
commonly studied; other suitable nuclei are 
"C, 'N, and 'F, although these have 
lower natural abundance than hydrogen and 
Produce weaker signals. The Spectrum pro- 
duced is characteristic of the molecule ab- 
sorbing the radiation. In medicine, NMR 
"tomography has been developed, in which 
images of tissue are Produced by magnetic- 
resonance techniques, 


nucleic acid A complex organic compound 
in living cells that Consists of a chain of 
“nucleotides. There are two types: *DNA 
(deoxyribonucleic acid) and *RNA 
(ribonucleic acid). 


a prokaryotic *cell) 
material *DNA an 


nucleolus A small dense round body within 
the nondividing nucleus Of plant and 
animal cells that consists of protein, DNA, 
and ribosomal *RNA. It Plays an important 
role in *ribosome manufacture (and there- 
fore protein synthesis). 


nucleoprotein Any Compound present in 
cells of living organisms that consists of a 


nucleic acid (DNA or RNA) combined with 
a protein. Chromosomes consist of nucleo- 
protein (DNA and proteins, mostly his- 
tones), as do ribosomes (RNA and protein). 


nucleoside An organic compound consist: 
ing of a nitrogen-containing *purine or 
“pyrimidine base linked to a sugar (ribose 
or deoxyribose). An example is *adenosine. 
Compare nucleotide. 


nucleotide An organic compound consist- 
ing of a nitrogen-containing “purine or 
“pyrimidine base linked to a sugar (ribose 
or deoxyribose) and a phosphate group. 
"DNA and *RNA arc made up of long 
chains of nucleotides (ie. polynucleotides). 
Compare nucleoside. 


nucleus The large body embedded in the 
cytoplasm of all plant and animal *cells 
(but not the cells of bacteria or blue-green 
algae) that contains the genetic material 
“DNA. The nucleus functions as the control 
centre of the cell. It is bounded by a.double 
membrane (the nuclear membrane or enve- 
lope), which contains many pores for the €x- 
change of material between the nucleus and 
cytoplasm, and contains a viscous sap (ni 
cleoplasm). When the cell is not dividing 2 
“nucleolus is present in the nucleus and the 
genetic material is dispersed in the sap ej 
"chromatin; in dividing cells the chromatin 
is organized into *chromosomes and the nu- 
cleolus disappears. In certain protozoans 
there are two nuclei per cell, one concerned 
with vegetative functions and the other with 
Sexual reproduction. 


numerical taxonomy See taxonomy. 


nut A dry single-seeded fruit that develops 
from more than one carpel and does not 
Shed its seed when ripe. The fruit wall is 
Woody or leathery. Many nuts are enclosed 
in a hard or membranous cup-shaped struc” 
ture, the *cupule. The term nut is often 
loosely used of any hard fruit. For example, 


the walnut and coconut are in fact *drupes 
and the Brazil nut is a seed. 


Dutation The spiral movement of a plant 
organ during growth, also known as circum- 
nutation. It is seen in climbing plants and 
helps the plant find a suitable support to 
twine around. Examples are the coiling 
movements of the shoot tips of runner 
beans and of the tendrils of sweet peas. 


Dyctinasty (sleep movements) *Nastic 
Movements of plant organs in response to 
the changes in light and temperature that 
Occur between day and night (and vice 
Versa). Examples are the opening and clos- 
ing of many flowers and the folding togeth- 
& of the leaflets of clover and other plants 
at night. 


nymph The juvenile stage of certain insects, 

Such as dragonflies, grasshoppers, and car- 

Ti Which resembles the adult except that 

Xi wings and reproductive organs are unde- 

x oped. There is no pupal stage, and the 

cien develops directly into the adult. 
'ompare larva. 


O 


Objective The lens or system of lenses 
[oues to the object being examined 
‘ough an optical instrument. 


aoe condyle A single or paired bony 
E. Ke: Protrudes from the occipital bone 
cei EM and articulates with the first 

cal vertebra (the *atlas) In humans 
cach 1S a pair of occipital condyles, one on 
i Side of the *foramen magnum. Occipi- 

condyles are absent in most fish, which 
cannot move their heads. 


OCeanic 


boanie Zone The region of the open sea 


Ond the edge of the continental shelf, 
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OESTROGEN 


where the depth is greater than 200 metres. 
Compare neritic zone. ~ 


ocellus A simple eye occurring in insects 
and other invertebrates. It typically consists 
of light-sensitive cells and a single cuticular 


Odonata An order of insects containing the 
dragonflies and damselflies, most of which 
occur in tropical regions. Adult dragonflies 
have a.pair of prominent “compound eyes, 
a compact thorax bearing two pairs of deli- 
cate membranous wings, and a long slender 
abdomen. They are strong fliers and prey 
on other insects, either in flight or at rest. 
The eggs are laid near or in water, and the 
newly hatched nymphs are aquatic and re- 
semble the adults, with rudimentary wings. 
They breathe through gills and feed on 
small aquatic animals. The nymph leaves 
the water for its final-moult into the terres- 
trial adult. 


odontoblast A cell that is responsible for 
producing the “dentine of vertebrate teeth. 
Odontoblasts are found around the lining of 
the *pulp cavity and have processes that ex- 
tend into the dentine. 


oesophagus The section of the *alimentary 
canal that lies between the *pharynx and 
the stomach. lt is a muscular tube whose 
function is to transfer food to the stomach 
by means of wavelike contractions (*peri- 
stalsis) along its length. 


oestrogen One of a group of female sex 
hormones, produced principally by the ova- 
ries, that promote the onset of *secondary 
sexual characteristics (such as breast en- 
largement and development in women) and 
control the *oestrous cycle. Oestradiol is the 
most important. Oestrogens are secreted at 
particularly high levels during ovulation, 
stimulating the uterus to prepare for preg- 


OESTROUS CYCLE 


nancy. They are used in oral contraceptives 
(with *progestogens) and as treatment for 
various disorders of the female Teproductive 
organs. Small amounts of Oestrogens are 
Produced by the adrenal glands and testes, 


oestrous cycle The cycle of reproductive 
activity shown by most sexually mature 
nonpregnant female mammals excépt most 
Primates (compare menstrual cycle). There 
are three phases: ' 

(1) anoestrus — no sexual activity, the fe- 
male is neither receptive nor attractive to 
the male, reproductive Organs inactive; 

(2) pro-eestrus: — reproductive Organs be- 
come active; 

(3) oestrus (heat) ="ovulati 


single annual 
breeding 


oestrus (heat) See oestrous cycle. 


Offset See runner. a 


oil-immersion lens See immersion objec. 
tive, ; 
oleic acid An unsaturated “fatty acid with 
one double bond, CH; (CH, ), CH:CH(CH,), 
Oleic acid is one of the most 
abundant constituent fatty acids of animal 
and plant fats, occurring in butterfat, lard, 
tallow, groundnut oil, soya-bean oil, etc. Its 


systematic chemical name is cis-octadec-9- 
enoic acid. 


olfaction The sense of smell or the process 
of detecting smells. This is achieved by re- 
ceptors in olfactory organs (such as the 
“nose) that are sensitive to air- or water- 
borne chemicals. Stimulation of these recep- 
tors results in the transmission of informa- 
tion to the brain via the olfactory nerve. 


Oligocene The third geological epoch of 
the *Tertiary period. It began about 38 mil- 
lion years ago, following the Eocene epoch, 
and extended for about 12 million years to 
the beginning of the Miocene epoch. The 
epoch was characterized by the continued 
tise of mammals; the first pigs, rhinocer- 
oses, and tapirs made their appearance. 


Oligochaeta A class of hermaphrodite an- 
nelid worms that bear only a few bristles 
(*chaetae). Oligochaetes are very abundant 
in freshwater and terrestrial habitats. The 
most familiar members of the class are the 
earthworm (Lumbricus) and the freshwater 
bloodworm (Tubifex). 


ic Describing a body of water 
(€g. a lake) with a poor supply of nutrients 
and a low rate of formation of organic prr 
ter by photosynthesis. Compare eutrophic. 


Omnivore An animal that eats both animal 
and vegetable matter. Pigs, for example, afe 
omnivorous. Compare carnivore; herbivore. 


oncogenic Describing a chemical, organism, 
9r environmental factor that causes the de- 
velopmeat of cancer. Some viruses Af 
Oncogenic to vertebrates, including the Rous 
sarcoma virus of chickens, and some af 
Suspected of being oncogenic (eg. some of 
the *adenoviruses and *papovaviruses)- 
Many of these viruses contain genes (know? 
aS oncogenes) that are responsible for th 
transformation of a normal host cell into 2 
cancerous cell. See also retrovirus. 


ontogeny The developmental course of an 
Organism from the fertilized egg through to 
Maturity. It has been Suggested that “ontog- 
eny recapitulates *phylogeny”, i.e. the stages 
of development, especially of the embryo, 
reflect the evolutionary history of the organ- 
ism. This idea is now discredited. See reca- 
Pitulation. 


oocyte See oogenesis. 


amy Sexual reproduction involving the 
‘ormation and subsequent fusion of a large, 
usually Stationary, female gamete and a 
= motile male gamete. The female gam- 

may contain nourishment for the devel- 
pment of the embryo, which is often re- 
tained and protected by the parent 
Organism. 


Sie The production and growth of 
epee (egg cells) in the animal ovary. Spe- 
cells (oogonia) within the ovary divide 
[gen by mitosis to produce large num- 
Prospective egg cells (oocytes). When 
o these undergo meiosis, which halves 
um Bomber of chromosomes. During the 
d meiotic division a polar body and a sec- 
Lem oocyte are produced. At the second 
á otic division the secondary oocyte pro- 
uces an ovum and a second polar body. 
. cytes may be present in the ovaries at 
and may represent the total number of 

*8ES 10 be produced. 


[SESS (ovum; egg cell) The nonmotile 
ba pm in plants. In angiosperms it 
[SES in the *embryo sac of the ovule. In 
ieee pteridophytes, and bryo- 
ioe à 15 situated in an *archegonium. In 
Sphere Ower plants, such as Fucus, the 00- 
ü did Protected by an oogonium until it 

AE Into the water prior to fertilization. 
EM Oospheres store. food in the form of 

or oil droplets. 


A zygote that is produced as a re- 


sul 
t of *oogamy in certain algae and fungi. 


OPTICAL ACTIVITY 


It contains food reserves, develops a protec- 
tive outer covering, and enters a resting 
phase before germination. Compare zygo- 
spore. 


operculum 1. (in zoology) A lid or flap of 
skin covering an aperture, such as the gill 
slit cover of fish and larval amphibians and 
the horny calcareous operculum secreted by 
many gastropod molluscs, which closes the 
opening of the shell when the animal is in- 
side. 2. (in botany) The cone-shaped lid of 
the *capsule of mosses, which is forcibly de- 
tached to release the spores. 


operon See gene. 


opiate One of a group of drugs derived 
from opium, an extract of the poppy plant 
Papaver somniferum that depresses brain 
function (a narcotic action). Opiates include 
morphine, codeine, and their synthetic deriv- 
atives, such as heroin. They are used in 
medicine chiefly to relieve pain, but the use 
of morphine and heroin is strictly controlled 
since they can cause drug dependence and 
tolerance. 


optical activity The ability of certain sub- 
stances to rotate the plane of planc-po- 
larized light as it passes through a crystal, 
liquid, or solution. It occurs when the mole- 
cules of the substance are asymmetric, so 
that they can exist in two different structur- 
al forms each being a mirror image of the 
other. The two forms are optical isomers or 
enantiomers. The existence of such forms is 
also known as enantiomorphism (the mirror 
images being enantiomorphs). One form will 
rotate the light in one direction and the 
other will rotate it by an equal amount in 
the other. The two possible forms are de- 
scribed as *dextrorotatory or *lacvorotatory 
according to the direction of rotation, and 
prefixes are used to designate the isomer, as 
in d-tartaric and /-tartaric acids.:An equimo- 
lar mixture of the two forms is ‘not optically 
active. It is called a racemic mixture (or 
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Isomers of tartaric acid 


racemate) and designated by di. In addi- 
tion, certain molecules can have a meso 
form in which one Part of the molecule is a 
mirror image of the other. Such molecules 
are not optically active, 


of this is in 


optical fibre A glass 
ligh 


mitted light 
bles a beam 
many kilometres 


takes place. This Structure enal 
of light to travel through 
of fibre. In the graded-index fibre, each layer 
of glass, from the fibre axis to its outer 
wall, „hasa slightly lower refractive index 


than the layer inside it, This minc 
also prevents light from escaping throu 4 
the fibre walls by a combination of pr 
tion and total internal reflection, and can 
made to give the same transit time for rays 
at different angles. © 
Fibre-optic systems use optical fibres 
transmit information, in the form of "t 
Pulses or fragmented images (using bun 
of fibres), from a source to a receiver. 4 
are used, for example, in medical ba 
ments (fibrescopes) to examine internal 
cavities, such as the stomach and bladder. 


Optical isomers See optical activity. 


Optical microscope See microscope. 


Optic nerve The second *cranial nerve: ? 
Paired sensory nerve that runs from 5 
eye to the brain. It is responsible for aa 
veying visual stimuli received by the rO 
and cones in the retina to the brain for in 
terpretation. 


Orbit (in anatomy) Either of the two oe 
ets in the skull of vertebrates that house. 
eyeballs. N 


Order (in taxonomy) A category used in na 
*classification of organisms that consists 7 
One or several similar or closely related fam 
ilies. Similar orders form a class. 

names typically end in -ales in botany, ¢& 


Rosales (roses and orchard fruits), and in -a 
in zoology, e.g. Carnivora (flesh eaters). 


Ordovician The second geological period 
9f the Palaeozoic era, following the Cambri- 
an and preceding the Silurian periods. It be- 
Ban about 500 million years ago and lasted 
for about 60 million years. The period was 
named by the British geologist Charles 
Lapworth (1842-1920) in 1879. 
SGraptolites, in deep-water deposits, are the 
We fossils, Other fossils include *trilo- 
bah rachiopods, bryozoans, gastropods, 
a ves, echinoids, crinoids, nautiloid ceph- 
Opods, and the first corals. 


ee Any distinct part of an organism 
ed Specialized to perform one or a 

mber of functions. Examples are ears, 
ie lungs, and kidneys (in animals) and 
a Toots, and flowers (in plants). A giv- 
eee will contain many different *tis- 


e Culture The culture of complete liv- 
aa (explants) of animals and plants 
riven € body in a suitable culture medi- 
ETE ae organs must be small enough to 
Rie nutrients in the culture medium to 

jd e all the cells. Whole plant roots 
Such a Toot systems can be kept alive in 
time, nditions for a considerable period of 

See also explantation. 


Sar A minute structure within a 

function animal *cell that has a particular 

ch : Examples of organelles are the nu- 
us, mitochondria, and lysosomes. 


E aes An area of an animal embryo 
devel uses adjacent areas of the embryo to 
nizer (uisa Certain way. The primary orga- 
Causes sopore lip or archenteron roof) 
Plete o; , Bastrula to develop as a com- 


ae n Of life The Process by which living 


ms developed from inanimate matter, 
B-12 
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OSMOMETER 


which is generally thought to have occurred 
on earth between 3500 and 4000 million 
years ago. It is supposed that the primordial 
atmosphere was like a chemical soup con- 
taining all the basic constituents of organic 
matter: ammonia, methane, hydrogen, and 
water vapour. These underwent a process of 
chemical evolution using energy from the 
sun and electric storms to combine into ever 
more complex molecules, such as amino 
acids, proteins, and vitamins. Eventually 
self-replicating nucleic acids, the basis of all 
life, could have developed. The very first or- 
ganisms may have consisted of such mole- 
cules bounded by a simple membranc. 


omithine (orn) An ‘amino acid, HN 
(CH;), CH(NH;)COOH, that is not a con- 
stituent of proteins but is important in liv- 
ing organisms as an intermediate in the re- 
actions of the “urea cycle and in arginine 
synthesis. 


ornithine cycle See urca cycle. 


orthogenesis An early theory of the nature 
of evolutionary change, which proposed that 
organisms evolve along particular paths pre- 
determined by some factor in their genetic 
make-up. More recent understanding of se- 
lection pressure and other external forces 
that can be shown experimentally to affect 
the survival of organisms has proved the 
improbability of the theory. 


orthotropism The tendency for a *tropism 
(growth response of a plant) to be orientat- 
ed directly in line with the stimulus con- 
cerned. An example is the vertical growth of 
main stems and roots in response to gravity 
(orthogeotropism). Compare plagiotropism. 


osmium tetroxide (osmium(IV) oxide) 
A yellow solid, OsO,, made by heating os- 
mium in air. It is used as a fixative in elec- 
tron microscopy. 


osmometer See osmosis. 


OSMOREGULATION 


osmoregulation The control of the water 
content and the concentration of salts in the 
body of an animal. In freshwater animals 
osmoregulation must counteract the tenden- 
cy for water to pass into the animal by *os- 
mosis. Various methods have been devel- 
oped to eliminate the excess, such as 
*contractile vacuoles in Protozoans and 
*kidneys with well-developed glomeruli in 
freshwater fish. Marine vertebrates have the 
opposite problem: they prevent excessive 
water loss and enhance the excretion of 
salts by having kidneys with few glomenuli 
and short tubules. In terrestrial vertebrates 
the dangers of desiccation are reduced by 
the presence of long convoluted kidney tu- 
bules, which increase the reabsorption of 
water and salts. 


compounds, particularly 
device used to measure 
called an osmometer. 


Macromolecules, A 
osmotic pressure is 
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The distribution of water in living organ- 
isms is dependent to a large extent on Cr 
mosis, water entering the cells through their 
membranes. A cell membrane is not truly 
semipermeable as it allows the passage of 
certain solute molecules; it is described aS 
differentially permeable. Animals wee 
evolved various means to counteract the ef 
fects of osmosis (see osmoregulation); in 
Plant cells, excessive osmosis is P 
by the pressure exerted by the cell wall 
which opposes the osmotic pressure. 


Osmotic pressure See osmosis. 


ossification The process of *bone br 
tion. It is brought about by the action i 
special cells called osteoblasts, which a 
layers of bone in connective tissue. Som 
bones are formed directly in connective tis 
sue (see membrane bone); others are fo! i 
by the replacement of cartilage (see cartilage 
bone). 


Osteichthyes The class of vertebrates o 
Prising the bony fishes —marine and a 
Water fish with a bony skeleton. All BAV 
Bills covered with a bony operculum, an 2 
layer of thin overlapping bony "scales Ré jd 
ers the entire body surface. Bony fish ni 
à “swim bladder, which acts as a hydrosti 
ic organ enabling the animal to remain $ id 
pended in the water at any depth. In 5! A 
fish this bladder acts as a lung. See chii; 
Dipnoi; Teleostei. Compare Elasmobran 


outbreeding Mating between unrelated o 
distantly related individuals of a spe, 
Outbreeding populations usually show MO! a 
variation than *inbreeding ones and have 4 
greater potential for adapting to ed 
mental changes. Outbreeding increases y 
number of *heterozygous individuals, 5° end 
advantageous recessive characteristics ! 
to be masked by dominant alleles. 

outer ear (external ear) The part of 5 
car external to the *tympanum (cardrum)- 


is Present in mammals, birds, and some rep- 
tiles and consists of a tube (the external au- 
ditory meatus) that directs sound waves onto 
the tympanum. In mammals it may include 
an external *pinna, which extends beyond 
the skull. 


fallopian 
tube uterus 


Ovary 


bladder 


Human female reproductive system 


Ovary 1. The reproductive organ in female 
RUE in which eggs (ova) are produced. 
3 aat vertebrates there are two ovaries (in 
: Em the ovaries fuse together to form 
cm € Structure and in birds the left ovary 

is functional). As well as eggs, they 
Produce steroid hormones (see oestrogen; 
Progesterone). In mammals cach ovary is 
ae Close to the opening of a *fallopian 
ie it contains numerous follicles in which 
x atts develop and from which they are 
lige. in a regular cycle (see Graafian fol- 
k S menstrual Cycle; oogenesis; ovulation). 
e, on hollow base of the *carpel of a flow- 
g ienhining one or more *ovules. After 
the fi tion, the ovary wall develops into 
;« ait enclosing the seeds. In some spe- 


Ci 
a colt carpels are fused together to form 
plex ovary, 


Oviduct The 
SBE cell from 
Teproductive 
are 


tube that conveys an animal 

the ovary to other parts of the 

System or ta the outside. Eggs 

of wall along the oviduct by the action 
€s and cilia. See fallopian tube. 


Caray Reproduction in which fertilized 
laid or spawned by the mother and 


vagina 
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OVUM 


hatch outside her body. It occurs in most 
animals except marsupial and placental 
mammals. Compare ovoviviparity; viviparity. 


ovipositor An organ at the hind end of the 
abdomen of female insects through which 
eggs are laid. It consists of a pair of modi- 
fied appendages and is often long and pierc- 
ing, so that eggs can be laid in otherwise 
inaccessible places. The sting of bees and 
wasps is a modified ovipositor. 


ovoviviparity Reproduction in which fertil- 
ized eggs develop and hatch in the oviduct 
of the mother. It occurs in many in- 
vertebrates and in some fish and reptiles 
(e.g. the viper). Compare oviparity; vivipari- 
ty. 


ovulation The release of an egg cell from 
the ovary. The developing egg cell within its 
follicle migrates to the ovary surface; when 
mature, it is released from the follicle 
(which breaks open) into the body cavity, 
from where it passes into the oviduct. See 
also menstrual cycle. 


ovule The part of the female reproductive 
organs of seed plants that consists of the 
*nucellus, “embryo sac, and "integuments, 
The ovules of gymnosperms are situated on 
ovuliferous scales of the female cones while 
those of angiosperms are enclosed in the 
carpel. After fertilization, the ovule becomes 
the seed. 


ovuliferous scale One of a group of large 


woody specialized leaves that form the fe- 
male *cone of conifers and related trees. It 


bears the ovules, which develop into seeds. 


ovum (egg cell) 1. (in zoology) The ma- 
ture reproductive cell (see gamete) of female 
animals, which is produced by the ovary 
(see oogenesis). It is spherical, has a nucle- 
us, is covered with a yitelline membrane, 
and is not mobile. 2. (in botany) The *oo- 
sphere of plants. 


OXALIC ACID 


oxalic acid (ethanedioic acid) A crystal- 
line solid, (COOH),, that is slightly soluble 
in water. Oxalic acid is strongly acidic and 
"very poisonous. It occurs in certain plants, 
e.g. sorrel and the leaf blades of rhubarb. 


oxidation See oxidation—reduction, 


oxidation—reduction (redox) Originally, 
oxidation was simply regarded as a chemical 
reaction with oxygen. The reverse Process — 
loss of oxygen —was called reduction. Reac- 
tion with hydrogen also came to be regard- 
ed as reduction. Later, a more general idea 
of oxidation and reduction was developed in 
which oxidation was loss of electrons and 
reduction was gain of electrons. This wider 
definition covered the original one and also 
applies to reactions that do not involve oxy- 


gen. However, it applies only to reactions in 
which electron 


cates whether the 
cgative) ‘or decreased 


involves a decrease, 
2H, + 0; + 2H,0 

the hydrogen in water is +1 and the oxy. 

` gen —2. The hydrogen is oxidized and the 


oxygen is reduced. Compounds that tend to 
undergo reduction readily 


Thus in 


m 


oxidative phosphorylation A reaction 0c- 
curring during the final stages of "aerobic 
respiration, in which ATP is formed from 
ADP and phosphate coupled to electron 
transport in the *electron transport tham 
The reaction occurs in the mitochondria and 
takes place at three sites on the electron 
transport chain. 


oxygen Symbol O. A colourless pus 
gaseous element. It is the most abundant 
ement in the earth's crust (49.2% by vr 
and is present in the atmosphere (28% bY 
volume). Atmospheric oxygen is of vital A 
portance for all organisms that carry 
“aerobic respiration. 


oxygen debt The physiological state kc 
exists in a normally aerobic animal kno. 
sufficient oxygen is available for metal E. 
requirements (e.g. during a period of t 
ous physical activity). To meet the bo. 
increased demand for energy, pyruvate 
converted anaerobically (i.e. in the ab 
of oxygen) to lactic acid, which requires ^7. 
ygen for its breakdown and accumulates * 
the tissues. When oxygen is available te 
lactic acid is oxidized in the liver, thus 
Paying the debt. 


OXyhaemoglobin See haemoglobin. 


Oxytocin A hormone, secreted by the PY 
terior pituitary gland in mam ‘ing 
stimulates the ejection of milk in ete 
females and the contraction of the ut 
during parturition. Like *vasopressin, O' 
Gin is synthesized in the hypothalamus. 


ozone layer (ozonosphere) A layer of Es 
earth's atmosphere in which most of bee 
Mosphere’s ozone is concentrated. It dis 
15-50 km above the earth's surface #0! 

Virtually synonymous with the stratosP! 


here- 
In this layer most of the sun's ultravi 
of 


Tadiation is absorbed by the ozone 
the stratosphere and preventing vertical ae 


cules, causing a rise in the temperature 


ing so that the stratosphere forms a stable 
layer. By absorbing most of the solar ultra- 
Violet radiation the ozone layer protects liv- 
ing organisms on earth. The fact that the 
m layer is thinnest at the equator is be- 
E account for the high equatorial in- 

Of skin cancer as a result of expo- 


Sure to unabsorbed solar  ultravi 
radiation. traviolet 


P 


P, h 
1 (Parental generation) The individuals 
ae are selected to begin a breeding experi- 
t crosses between which yield the °F, 
Beneration, i 


Pacemaker 1. (or sinoatrial node) A 
ee of specialized muscle cells in.the 
right Ae heart, found in the wall of the 
cava ed near the opening for the vena 
heart (m cells initiate and maintain the 
Gu pss by their rhythmic and spontane- 
itt actions they stimulate contractions 
(rac Of the heart muscle. The cells 
nervous es are controlled by the autonomic 
rats Sees which determines the heart 
of other ar pacemakers occur.in the hearts 

bx eee 2. An electronic or nu- 
Planted ee cuarped device that can be im- 
and main Bay into the chest to produce 
are used n the heart beat. These devices 
defectiv when the heart's own pacemaker is 

€ or diseased. 


Pach; 
et EN The period in the first prophase 
soya When paired *homologous chro- 
around are fully contracted and twisted 
each other. 


that ae Reproduction by an animal 
aedogenesi in the larval or pre-adult form. 
Particulars ao form of “neoteny and is 
form of hentia! in the axolotl, a larval 

e salamander, which retains its 
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PALAEOECOLOGY 


larval features owing to a thyroid deficiency 
but can breed, producing individuals like it- 
self. If the thyroid hormone thyroxin is giv- 
en metamorphosis occurs. 


pairing (synapsis) The close association 
between *homologous chromosomes that de- 
velops during the first prophase of *meiosis. 
The two chromosomes move together and 
an exact pairing of corresponding points 
along their lengths occurs as they lie side by 
side, The resulting structure is called a biva- 
lent. 


palaeobotany The branch of *palacontolo- 
gy concerned with the study of plants 
through geological time, as revealed by their 
*fossil remains (see also palynology). It 
overlaps with other aspects of plant study, 
including anatomy, ecology, evolution, and 
taxonomy. 


Palaeocene The. earliest geological epoch 
of the *Tertiary period. It began about 65 
million years ago, following the Cretaceous 
period, and extended for about 11.5 million 
years to the beginning of the *Eocene (the 
Palaeocene is sometimes included in the Eo- 
cene). It was named by the palaeobotanist 
W. P. Schimper in 1874. A major floral and 
faunal discontinuity occurred between the 
end of the Cretaceous and the beginning of 
the Palacocene: following the extinction of 
many reptiles the mammals became abun- 
dant on land. By the end of the epoch pri- 
mates and rodents had evolved. 


palaeoclimatology The study of climates 
of earlier geological periods. This is based 
largely on the study of sediments that were 
laid down during these periods and of fos- 
sils. The changes in the positions of the 
continents as a result of *continental drift 
and *plate tectonics complicate the study. 


The study of the relation- 


ships of “fossil organisms to each other and 
to their environments. It involves the study 


PALAEOLITHIC 


both of the fossils and of the surrounding 
rock in which they are found. Trace fossils 
may provide information on the behaviour 
of the organism. 


Palaeolithic The Old Stone Age, lasting in 
Europe from about 2.5 million to 9000 
years ago, during which man used primitive 
stone tools made by chipping stones and 
flints. 


palaeontology The Study of extinct organ- 
isms, including their Structure, environment, 
evolution, and distribution, as revealed by 
their *fossil remains, Palacontological work 
also makes important contributions to geol- 


Palaeozoic The first 
time. It follows the * 
subdivided into the 


tra of *Phanerozoic 
Precambrian and is 


million years ago, 
the *Mesozoic era. 


cavity from the air Passage to 
taneous eating and breathing. 


Palisade mesophyll See mesophyll. 
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pallium See cerebral cortex. 


palmitic acid (hexadecanoic acid) A sat- 
urated fatty acid, CH, (CH,); 4COOH. 
Glycerides of palmitic acid occur widely in 
plant and animal oils and fats. 


palp An clongited sensory organ, usual 
near the mouth, in many invertebrates. í 
amples are the tactile head appendages of 
polychaete worms, the ciliated flap of tissu 
that produces feeding currents in bia 
molluscs, the distal part of the *mandib í 
of crustaceans, and the olfactory parts 0f 
the first and second *maxillae of some i? 
sects, 


Palynology (micropalaeontology) Ta 
study of fossil pollen and spores (poll 

analysis) and various other *microf: aly- 
such as coccoliths and dinoflagellates. FAT 
nology is used in stratigraphy, pal and 
matology, and archaeology. Pollen Eos 
spores are very resistant to decay and tary 
fore their fossils are found in bn 
rocks. They may be extracted by Me 
methods, including boiling with potasiu 
hydroxide solution, washing with strong y 
dizing mixtures, and'centrifuging repeal io 
Spores and pollen are classified according 

shape, form of aperture, and both int a 
and extemal details of the exine (ol! 
Coat). They indicate the nature of the a 
nant flora, and therefore the climate el 
conditions of the period in which they li 


Pancreas A gland in vertebrates lying bc 
tween the duodenum and the spleen. U E. 
the influence of the hormone “secretin es 
Cretes digestive enzymes (mainly trypsin the 
(see trypsin), amylase, and *lipase) int 
Via the pancreatic duct. It ol 
contains groups of cells — the ‘islets 


lin and glucagon, which regulate 
Sugar levels. 


Pancreozymin See cholecystokinin. 


ES A type of flowering shoot common 
the grass family. The primary axis bears 
Broups of “racemes and is itself racemose, 
c the youngest groups of flowers are at the 
i (eg. oat). The term may be used loosely 
May fam of branched *racemose inflo- 
i aged for example, the horse chestnut is 
P E n = Both these arrangements 
adore, family Polygonaceae (docks 


Ree acid A vitamin of the *vita- 
d complex. It is a constituent of *coen- 
us pt Ji which performs a crucial role in 
ere ation of fats, carbohydrates, and 
ones acids. Deficiency rarely occurs 
com e vitamin occurs in many foods, 
EUR cm in grains, peas, egg yolk, liver, 


aay A Protein-digesting enzyme (see pro- 

dian d in the fruit of the West In- 

C rud tree (Carica papaya). It is used 

Hm Enn and in the manufacture of 
lerizers. 


aq, Cromatography A technique for 
Which d mixtures by *chromatography, in 
eA T stationary phase is absorbent pa- 
ed is pl Pot of the mixture to be investigat- 
tert ae near one edge of the paper and 
Vent, wni Suspended vertically in a sol- 
Wy eese tse llirongh the paper, BY CaP 
it The ion carrying the components with 
partly me move at different rates, 
tents on Pura they absorb to different ex- 
Partition c cellulose and partly because of 
ture in th tween the solvent and the mois- 
dried, Aes Paper. The paper is removed and 
ine or the different components form a 
subs mee along the paper. Colourless 
Tadiation are detected by using ultraviolet 
that mee by spraying with a substance 
ninhydrin to give a coloured spot (eg 
amino aci Rives a blue coloration with 

Acids). The components can be iden- 
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tified by the distance they move in a given 
time. 


papilla Any cone-shaped protuberance pro- 
jecting from the surface of an organ or or- 
ganism. Papillae occur, for example, on the 
tongue and, in plants, on the surface of 
many petals. 


papovavirus One of a group of *DNA-con- 
taining viruses that produce tumours in 
their hosts. Papilloma types produce 
nonmalignant tumours (such as warts) in all 
vertebrates: polyoma types produce malig- 
nant tumours in only certain classes of 
vertebrates (not including man). 


pappus A group of modified “sepals, often 
in the form of a ring of silky hairs. For 
example, when the fruit of the dandelion 
matures a pappus of hairs persists at the 
top of a thin stalk forming a parachute-like 
structure, which serves to disperse the fruit. 


parallel evolution The development of re- 
lated organisms along similar evolutionary 
paths due to strong selection pressures act- 
ing on all of them in the same way. lt is 
debatable if the phenomenon really exists: 
many argue that all evolution is ultimately 
"convergent or divergent (see adaptive radi- 
ation). 


paraphyletic See monophyletic. 


itism An association in which one or- 
ganism (the parasite) lives on (ectoparasit- 
ism) or in (endoparasitism) the body of an- 
other (the host), from which it obtains its 
nutrients, Some parasites inflict compara- 
tively little damage on their host, but many 
cause characteristic diseases (these are, how- 
ever, never immediately fatal, as killing the 
host would destroy the parasite’s source of 
food). Parasites are usually highly special- 
ized for their way of life, which may involve 
one host or several (if the *life cycle re- 
quires it). They typically produce vast num- 


PARASYMPATHETIC NERVOUS SYSTEM 


bers of eggs, very few of which survive to 
find their way to another suitable host. Ob- 
ligate parasites can only survive and 
Teproduce as parasites; facultative Parasites 
can also live as *saprophytes. The parasites 
of man include fleas and lice (ectoparasites), 
various bacteria, protozoans, and fungi (en- 
doparasites causing characteristic diseases), 
and tapeworms (eg. Taenia soleum, which 
lives in the gut). 


parasympathetic nervous System Part of 
the ‘autonomic nervous System. Its nerve 
endings release acetylcholine as a *neuro- 
transmitter and its actions tend lo antago- 
nize those of the *sympathetic nervous Sys- 
tem. For example, the parasympathetic 
nervous system increases salivary gland se- 
cretion, decreases heart rate, promotes diges- 
tion (by increasing *peristalsis), and dilates 
blood vessels, while the sympathetic nervous 
system has opposite effects, 


d, or embedded 


tion of fruit with- 
the flower by pol- 
are seedless and 
le to the reproduc- 
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tion of the plant; examples are bananas and 
Pineapples. Plant *growth substances may 
have a role in this phenomenon, which an 
be induced by auxins in the co n 
production of tomatoes and other fruits. 


parthenogenesis The development of a2 
organism from an unfertilized egg. T 
curs sporadically in many plants (e.g. da? 
delions and hawkweeds) and in a few ani 
mals, but in some species it is the main For 
sometimes only method of pie, 
example, in some species of aphid, by 
are absent or very rare. The eggs formed id) 
the females contain the full bs 
number of chromosomes and are geneti tik 
identical. Variation is consequently very a 
ited in species that reproduce parthem 
netically, 


Particulate inheritance The vane 
from parent to offspring of separate Men 
that determine characteristics. Gregor ! tics, 
del observed that *recessive chara 
absent in the offspring of a cross in W! 
only one parent possessed them, reap 
repeatedly in the progeny of subsed 
Crosses. This led him to formulate v 
Ty of inherited ‘factors’ (now called 
that retain their identity through su iat 
generations (see Mendel's laws). Com’ 
blending inheritance. 


pent 


eles) 


, 10 
Parturition The act of giving birth f 
Young at the end of the “gestation pe? 
Hormones probably cause the pr 
Start but the mechanism is not fully u% 
Stood, 


to 


Pasteurization The treatment of milk as 


destroy disease-causing bacteria, E 
those of tuberculosis, typhoid, and br" ies 
5is. Milk is heated to 65*C for 30 Kr 
9r to 72°C for 15 minutes followed bY was 
id cooling to below 10*C. The met Louis 
devised by the French microbiologist 
Pasteur (1822 95). 


Patella (kneecap) A small rounded mova- 
ble bone that is situated in a tendon in 
front of the knee joint in most mammals 
(including humans). The function of the pa- 
tella is to protect the knee. 


Pathogen Any disease-causing microorga- 
nism. Pathogens include viruses, rickettsiae, 
and many bacteria, fungi, and protozoans. 
See infection. 


patristic Denoting similarity between or- 
Banisms resulting from common ancestry. 
Compare homoplastic. 


Ee A mass of dark-brown or black fi- 
disim plant debris produced by the partial 

egration of vegetation in wet places. It 
May accumulate in depressions. When sub- 
ud to burial and hence pressure and heat 
(D Fae Converted to *coal. Peat is used 
elena AS peni, as a fuel, especially in 


Peck order See dominant. 


Fis setinciy A group of polysaccha- 

e up primarily of sugar acids. 
Rise important constituents of plant 
Sdjacenr and the *middle lamella between 
EU cell walls. Normally they are pre- 
(Eie ES insoluble form, but in ripening 
bikes e in tissues affected by certain dis- 
Which oe ERTA into a soluble form, 
sues, “videnced by softening of the tis- 


used n A type of *pectic substance. It is 
su i making jam as it forms a gel with 


Pectoral fins ae 


Pectoral girdle (shoulder girdle) The bo- 
to Sarees structure in vertebrates 
fo the anterior limbs (pectoral fins, 

“8S, Or arms) are attached. In mammals 
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it consists of two dorsal *scapulae (shoulder 
blades) attached to the backbone and two 
ventral *clavicles (collar bones) attached to 
the sternum (breastbone). 


pedicel The stalk attaching a flower to the 
main floral axis (see peduncle). Some flow- 
ers, described as sessile, do not have a pedi- 
cel and arise directly from the peduncle. 


pedology The science of the study of soils, 
including their origin and characteristics and 
their utilization. 


peduncle The main stalk of a plant that 
bears the flowers, which may be solitary or 
grouped in an “inflorescence. Compare pedi- 
cel. 


pelagic Describing organisms that swim or 
drift in a sea or a lake, as distinct from 
those that live on the bottom (see benthos). 
Pelagic organisms are divided into *plank- 
ton and *nckton. 


pellicle The thin outer covering, composed 
of protein, that protects and maintains the 
shape of certain: unicellular organisms, e.g. 
Euglena. lt is transparent and in ciliated or- 
ganisms, e.g. Paramecium, contains small 
pores through which the cilia emerge. 


pelvic fins See fins. 


pelvic girdle (pelvis; hip girdle) The bo- 
ny or cartilaginous structure in vertebrates 
to which the posterior limbs (pelvic fins or 
legs) are attached. The pelvic girdle articu- 
lates dorsally with the backbone; it is made 
up of two halves, each produced by the fu- 
sion of the *ilium, *ischium, and *pubis. 


pelvis 1. See pelvic girdle. 2. The lower 
part of the abdomen in the region of the 
pelvic girdle. 3. A conical chamber in the 
*kidney into which urine drains from the 
kidney tubules before passing to the *ureter. 


PENICILLIN 


penicillin An ‘antibiotic derived from the 
mould Penicillium notatum; Specifically it is 
known as penicillin G and belongs to a class 
of similar substances called penicillins. They 
are all active against Gram-negative bacte- 
ria, producing their effects by disrupting 
synthesis of the bacterial cell wall, and are 
used to treat a variety of infections caused 
by these bacteria. 


penis The male reproductive organ of mam- 
mals (and also of some birds and reptiles) 
used to introduce sperm into the female re- 
productive tract to ensure internal fertiliza- 
tion. It contains a duct (the urethra) 
through which the sperms Pass. The penis 
becomes erect during Precopulatory activity, 
either by filling with blood or haemolymph 
or by the action of muscles, and can be in- 
serted into the vagina (or cloaca). In mam- 
mals the urine also leaves the body through 
the penis. 


pentadacty limb A 
characteristic — of 
(amphibians, reptiles, 


limb with five digits, 
tetrapod vertebrates 


locomotion on land 


4 imb, particularly by the 
loss of fusion of the terminal bones, 
pentose A sugar that has five carbon atoms 
per molecule. See monosaccharide. 


Pepo See berry. 
pepsin An enzyme, secreted by cells 


the interior of the verteb; 
catalyses the breakdown 


lining 
Tale stomach, that 
of proteins. 


peptidase See protease, 
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Peptide Any of a group. of organic com- 
pounds comprising two or more amino acids 
linked by peptide bonds. These bonds are 
formed by the reaction between adjacent 
carboxyl (-COOH) and amino (-NHj) 
groups with the elimination of water (see il- 
lustration). Dipeptides contain two amino 
acids, tripeptides three, and so on. *Polypep- 
tides contain more than ten and usually 
100-300. Naturally occurring oligopeptides 
(of less than ten amino acids) include tht 
tripeptide glutathione and the pituitary hor 
mones vasopressin and oxytocin, which are 
octapeptides. Peptides also result from pro 
tein breakdown, e.g. during digestion. 


Perennation The survival of biennial id 
perennial plants from one year to the p: 
by vegetative means. In biennials and n 
baceous perennials the aerial parts of # 
plant die down and the plants survive bY 
means of underground storage roots ce 
carrot), *rhizomes (e.g. couch gon i 
mOn's seal) *tubers (e.g. dahlia), "bU 
(eg. daffodil, snowdrop), or *córms G 
crocus, gladiolus). These perennating pee 
are also frequently responsible for E 
live propagation. Woody perennials SUP 
the winter by reducing their metabolic E 
ity (eg. by leaf loss in deciduous trees 
shrubs). 


Perennial A plant that lives for a ne 
of years. Woody perennials (trees ich 
shrubs) have a permanent aerial form, W! 
continues to grow year after year. erial 
ceous (nonwoody) perennials have d 
shoots that die down each autumn an an 
replaced in spring by new shoots ioe 
underground structure (see perennation). h 
pin and rhubarb are examples of herbaceo ; 
Perennials. Compare annual; bienn! 
ephemeral. 


Perianth The part of a flower situated 
Outside the stamens and carpels. In dicot’ 

dons it consists of two distinct whorls, *r 
Outer of sepals (see calyx) and the innet 


PERICARDIAL CAVITY 


carpals (actual number in 
man is reduced to 8) 


humerus 
humerus 
ia radios metacarpals 
radius. ulna 
carpals 
metacarpals- 
phalanges. phalanges 
cloven hoof: 
flipper of whale foreleg of pig wing of bat 
The modified pentadactyl forelimb of various vertebrates 
H Ro 
H ROO H RO H RO 
ses e lee jede p pod 
[5a not 4; H-LN—C—C—0H —* igiene F ul +H20 
t=- 
H l : i 
amino acid 1 amino acid 2 dipeptide water 


~ Peptide bond 
Formation of a peptide bond 
anth parts is multiplied, but the resulting 


Petals 
(see corolla), In monocotyledons the 
‘double’ flowers are often sterile. 


two 
Whorls are similar and often brightly 


col 
Sured. In wind-pollinated flowers both 


who 
My be reduced or absent. In many pericardial cavity The cavity in vertebrates 
tural varieties tbe number of peri- that contains the heart and is bounded bya 
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PERICARP 


membrane (the pericardium). It is part of 
the *coelom. 


pericarp (fruit wall) The part of a fruit 
that develops from the ovary wall of a flow- 
er. The type of fruit that develops depends 
on whether the pericarp becomes dry and 
hard or soft and fleshy. The pericarp can be 
made up of three layers. The outer skin (ep- 
icarp or exocarp) may be tough and hard; 
the middle layer (mesocarp) may be succu- 
lent as in peach, hard as in almond, or fi- 
brous as in coconut; and the inner layer 
(endocarp) may be hard and stony as in 
many *drupes, membranous as in citrus 
fruits, or indistinguishable from the meso- 
carp, as in many *berries. 


pericycle A plant tissue comprising the 
outermost layer of the root Vascular tissue, 
lying immediately beneath the *endodermis. 
Lateral roots originate from the pericycle. 


periderm See cork cambium. 


perilymph The fluid of the *inner car that 
fills the space between the bony labyrinth 


and the membranous labyrinth. Compare en- 
dolymph. } 


periodontal membrane The membrane of 
connective tissue that surrounds the root of 
a *tooth and anchors it to its socket in the 
jawbone. Fibres of the periodontal mem- 
brane pass into the *cement covering the 
root, which provides a firm attachment. 


peripheral nervous system All parts of 
the nervous system excluding the *central 
nervous system. It consists of all the *crani- 
al and *spinal nerves and their branches, 
which link the *receptors and *effectors 
with the central nervous system. See also 
autonomic nervous system. 


Perissodactyla An order of mammals hav- 
ing hoofed feet with an odd number of toes. 
They are all herbivores and include the 
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tapirs, rhinoceros, and horse. The teeth arc 
large and specialized for grinding. Cellulose 
digestion occurs in the caecum and large in- 
testine. Fossils of the Eocene epoch, 60 mil- 
lion years ago, show that these animals were 
at that time already distinct from the clo- 
ven-hoofed *Artiodactyla. 


peristalsis Waves of involuntary muscular 
contraction and relaxation that pass along 
the alimentary canal, forcing food contents 
along. It is brought about by contraction of 
the circular muscles of the gut wall in se- 
quence. 


peristome 1. A ring of toothlike structures 
around the opening of a moss *capsule. The 
teeth tend to bend and twist in dry weather, 
so opening the mouth of the capsule and 
allowing the spores to escape. In wet weath- 
er they close over the opening of the cap- 
sule. 2. The area around the mouth in 
many invertebrates. It sometimes assists in 
food collecting. Examples are the spirally 
ciliated groove around the mouth of some 
ciliate protozoans and the first segment of 
the earthworm. 


peritoneum The thin layer of tissue (see se- 
rous membrane) that lines the abdominal 
cavity of vertebrates and covers the abdomi- 
nal organs. See also mesentery. 


permanent teeth The second and final set 
of teeth that mammals produce after shed- 
ding the *deciduous teeth. An adult human 
normally has 32 permanent teeth, consisting 
Of incisors, canines, molars, and premolars 
(see dental formula) These usually appear 
between the ages of approximately 6 and 21 
years. See also diphyodont. 


Permian The last geological period in the 
Palacozoic era. It extended from the end of 
the Carboniferous period, about 280 million 
years ago, to the beginning of the Mesozoic 
era, about 225 million years ago. It was 
named by the British geologist Roderick 


Murchison (1792-1871) in 1841 after the 
Perm province in Russia. In some areas 
continental conditions prevailed, which con- 
tinued into the following period, the Trias- 
sic. These conditions resulted in the deposi- 
tion of the New Red Sandstone. During the 
period a number of animal groups became 
extinct, including the trilobites, tabulate and 
rugose corals, and blastoids. Amphibians 
= reptiles continued to be the dominant 
and animals and gymnosperms replaced 
pteridophytes as the dominant plants. 


Le Symbol P. A prefix used in the met- 

C system to denote one thousand million 
million times. For example, 105 metres = 
1 petametre (Pm). 


M One of the parts of the flower that 
ae the *corolla. Petals of insect-pol- 
EST Plants are usually brightly coloured 
Tue en scented, Those of wind-pollinated 
en D usually reduced or absent. Petals 
ie nsidered to be modified leaves but 
Em Vet is simpler. Epidermal hairs 
GAS present and thc cuticle is often cov- 
mul lines or dots known as honey guides, 
direct insects to the *nectar. 


perce The stalk that attaches a ‘leaf blade 
the stem. Leaves without petioles are de- 
Scribed as sessile, 


El dish A shallow circular flat-bottomed 

fittin Seay of glass or plastic and having a 

(Ss ix d. It is used in laboratories chiefly 

est CER bacteria and other microorga- 

terio It was invented by the German bac- 
logist J. R. Petri (1852-1921). 


Petrification See fossil. 
PH See pH scale. 
Phaeophyta (brown algae) A division of 


* : 
pe in which the green chlorophyll pig- 
are usually masked by the brown pig- 
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PHANEROZOIC 


ment fucoxanthin. Brown algae are usually 
marine (being abundant in cold water) and 
many species, such as the wracks (Fucus), 
inhabit intertidal zones. They vary in size 
from small branched filaments to ribbon- 
like bodies (known as kelps) many metres 
long. 


phage See bacteriophage. 


phagocyte A cell that is able to engulf and 
break down foreign particles, cell debris, 
and disease-producing microorganisms (see 
phagocytosis). Many protozoans and certain 
mammalian cells (e.g. *macrophages and 
*monocytes) are phagocytes. Phagocytes are 
important elements in the natural defence 
mechanism of most animals. 


osis The process by which foreign 
particles invading the body or minute food 
particles are engulfed and broken down by 
certain animal cells (known as *phagocytes). 
The cell membrane of the phagocyte invagi- 
nates to capture the particle and then closes 
around it to form a sac or *vacuole. The 
vacuole coalesces with a *lysosome, which 
contains enzymes that break down the parti- 
cle. Compare pinocytosis. 


The bones that make up the 
*digits of the hand or foot in vertebrates. 
They articulate with the *metacarpals of the 
hand or with the metatarsals of the foot. 
In the basic *pentadactyl limb there are two 
phalanges for the first digit (the thumb or 
big toe in humans) and three for each of 


the others. 


Phanerozoic Geological time since the end 
of the Precambrian, represented by rock 
strata containing clearly recognizable fossils. 
It comprises the *Palaeozoic, *Mesozoic, 
and *Cenozoic eras and has extended for 
about 570 million years from the beginning 
of the Cambrian period. Fossils are ex- 
tremely rare in Precambrian rocks. 


PHARMACOLOGY 


pharmacology The study of the properties 
of drugs and their effects on living organ- 
isms. Clinical pharmacology is concerned 
with the effects of drugs in treating disease. 


pharynx 1. The cavity in vertebrates be- 
tween the mouth and the “oesophagus and 
windpipe (*trachea), which serves for the 
passage of both food and respiratory gases. 
The presence of food in the pharynx stimu- 
lates swallowing (see deglutition). In fish 
and aquatic amphibians the pharynx is per- 
forated by “gill slits. 2. The corresponding 
region in invertebrates. 


phase-contrast microscope A type of 
*microscope that is widely used for examin- 
ing cells and tissues. It makes visible the 
Changes in phase that occur when 
nonuniformly transparent specimens are illu- 
minated. In Passing through an object the 
light is slowed down and becomes out of 
Phase with the original light. With transpar- 
ent specimens having some structure diffrac- 
tion occurs, causing a larger phase change 
in light outside the central maximum of the 
pattern. The phase-contrast microscope pro- 
vides a means of combining this light with 
that of the central maximum by means of 
an annular diaphram and a Phase-contrast 
plate, which produces a matching phase 
change in the light of the central maximum 
only. This gives greater contrast to the final 
image, due to constructive interference be- 
tween the two sets of light waves. This is 
bright contrast; in dark contrast a different 
phase-contrast plate is used to make the 


same structure appear dark, by destructive 
interference of the same waves. 


phellem See cork. 
phelloderm See cork cambium. 
Phellogen See cork cambium. 


phenetic Describing a system of *classifica- 
tion of organisms based on similarities and 
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differences in as many observable character- 
istics as possible. A phenetic system does 
not aim to reflect evolutionary descent, al- 
though it may well do so. Compare phyloge- 
netic. 


phenolphthalein A dye used as an acid- 
base indicator. It is colourless below pH 8 
and red above pH 9.6. It is used in titra- 
tions involving weak acids and strong bases. 
It is also used as a laxative. 


phenotype The observable characteristics of 
an organism. These are determined by its 
genes (genotype), the dominance relation- 
ships between the alleles, and by the inter- 
action of the genes with the environment. 


phenylalanine See amino acid. 


Pheromone (ectohormone) A chemical 
substance emitted by an organism into the 
environment as a specific signal to another 
organism, usually of thé same species. Pher- 
omones play an important role in the social 
behaviour of certain animals, especially 10- 
sects and mammals. They are used to at- 
tract mates, to mark trails, and to promote 
social cohesion and coordination in colonies- 
Pheromones are usually highly volatile OT" 
ganic acids or alcohols and can be effective 
at minute concentrations. 


phloem (bast) A tissue that conducts food 
materials in vascular plants from regions 
where they are produced (notably die 
leaves) to regions, such as growing points, 
where they are needed. It consists of hollow 
tubes (sieve tubes) that run parallel to m 
long axis of the plant organ and are form 
from elongated cells (sieve elements) join! 
end to end. The end walls of these cells are 
broken down to a greater or lesser extent tO 
allow passage of materials. In young plants 
and in newly formed tissues of mature 
plants the phloem is formed by the activity 
of the *apical meristem. In most plants 5€ 
ondary phloem is later differentiated by the - 


vascular *cambium and this replaces the 
earlier formed phloem in older regions. See 
also companion cell. Compare xylem. 


Phloroglucinol A red dye (usually acidified 
with hydrochloric acid) that stains lignin in 
plant cells red. 


Phosphagen A compound found in animal 
tissues that provides a reserve of chemical 
energy in the form of high-energy phosphate 
bonds. The most common phosphagens are 
creatine phosphate, occurring in vertebrate 
uic and nerves, and arginine phosphate, 
ound in most invertebrates. During tissue 
activity (e.g. muscle contraction) 
phosphagens give up their phosphate 
aes thereby generating *ATP from 
ADE me os on oma 
is available. 


Phosphatide See phospholipid. 


Piotolipid (Phosphatide) One of a 
nd of lipids having both a phosphate 
E P and One or more fatty acids. Glycer- 
eat lpia are based on “glycerol; the 
EUR groups are esterified with 
VG et acids and a phosphate group, 
ss Li may itself be bound to one of a vari- 
dde simple organic groups (eg. in *leci- 
a e is choline). Sphingophospholipids are 
bas m the alcohol sphingosine and con- 
es > one fatty acid linked to an amino 
RN ith their hydrophilic polar phos- 
GS. and long hydrophobic hydro- 
d tails’, phospholipids readily form 
eae ane-like structures in water. They are 
Jor component of cell membranes. 


y Ss Symbol P. A nonmetallic cle- 
n that is a major *essential element for 
ime Organisms. It is an important constit- 
EX H tissues (especially bones and teeth) 
TER of cells, being required for the forma- 
ES of nucleic acids and energy-carrying 
vao ecules (eg. ATP) and also involved in 
‘arious metabolic reactions. 


PHOTOSYNTHESIS 


photic zone The upper layer of a sea or a 
lake, in which there is sufficient light for 
photosynthesis. The limit of the photic zone 
varies from less than a metre to more than 
200 metres, depending on the turbidity of 
the water. 


photomicrography The use of photography 
to obtain a permanent record (a photomicro- 
graph) of the image of an object as viewed 


through a microscope. 


photoperiodism The response of an organ- 
ism to changes in day length (photoperiod). 
Many plant responses are controlled by day 
length, the most notable being flowering in 
many species (see also day-neutral plant; 
long-day plant; short-day plant). In plants 
the pigment *phytochrome is responsible for 
the regulation of photoperiodic responses. 
Activities in animals that are determined by 
photoperiod include breeding, migration, 
and other seasonal events. 


photopic vision The type of vision that oc- 
curs when the cones in the eye are the prin- 
cipal receptors, i.e. when the level of illumi- 
nation is high. Colours can be identified 
with photopic vision. Compare scotopic vi- 
sion. 


photoreceptor A sensory cell or group of 
cells that reacts to the presence of light. It 
usually contains a pigment that undergoes a 
chemical change when. light is absorbed, 
thus stimulating a nerve. See eye. 


photosynthesis The chemical process by 
which green plants synthesize organic com- 
pounds from carbon dioxide and water in 
the presence of sunlight. It occurs in the 
*chloroplasts (most of which are in the 
leaves) and there are two principal series of 
reactions. In the light reactions, which re- 
quire the presence of light, energy from sun- 
light is absorbed by “photosynthetic pig- 
ments (chiefly the green pigment 
*chlorophyll) and converted into chemical 


PHOTOSYNTHETIC PIGMENTS 


energy. In the ensuing dark reactions, which 
can take place cither in light or darkness, 
this chemical energy is used in the produc- 
tion of simple organic compounds from car- 
-bon dioxide and water. Further chemical re- 
actions convert these compounds into 
chemicals useful to the plant. Photosynthesis 
can be summarized by the equation: 
CO, + 2H;0 — [CH;0] + H,O + O, 
Since virtually all other forms of life are 
directly or indirectly dependent on plants 
for food, photosynthesis is the basis for all 
life on earth. Furthermore virtually all the 
atmospheric oxygen has originated from ox- 
ygen released during photosynthesis. 


Photosynthetic pigments The plant pig- 
ments responsible for the capture of light 
energy during the light reactions of *photo- 
Synthesis. The green Pigment “chlorophyll is 
the principal light receptor, absorbing blue 
and red light. However the “carotenoids and 
various other pigments also absorb light en- 


ergy and pass this on to the chlorophyll 
molecules, 


phototropism (heliotropism) The growth 
of plant organs in response to light. Aerial 
shoots usually grow towards light, while 
some aerial roots grow away from light. The 
Phototropic response is thought to be con- 


trolled by *auxin, a plant growth substance. 
See tropism. 


PH scale A logarithmic scale for expressing 
the acidity or alkalinity of a solution. Toa 
first approximation, the PH of a solution 
can be defined as —logioc, where c is the 
concentration of hydrogen ions in moles per 
Cubic decimetre. A neutral solution at 25°C 


has a hydrogen-ion concentration of 1077 
mol dm ^J, so the pH is 7. A pH below 7 
indicates an acid solution; one above 7 indi- 
cates an alkaline solution. pH stands for 
‘potential of hydrogen’. The scale was intro- 
duced by S. P. Sørensen in 1909. 


Phycomycetes A class of relatively primi- 
tive *fungi many of which are found in 
water (c.g. the water moulds, which may be 
Parasitic on fish) or in damp areas. Many 
are unicellular but those that form mycelia 
generally have hyphae lacking cross walls, 
which distinguishes them from the *Asco- 
mycetes and *Basidiomycetes. 


phyletic See phylogenetic. 


phyllotaxis (phyllotaxy) The arrangement 
of leaves on a plant stem. The leaves may 
be inserted in whorls or pairs at each node 
or singly up the stem. When arranged in 
Pairs the two leaves arise on opposite sides 
of the stem and are usually at right angles 
to the leaf pairs above and below them. Sin 
gle leaves may be inserted alternately or 1? 
a spiral pattern up the stem. Phyllotaxs 
generally results in the minimum of shading 
of leaves by those above them. 


phylogenetic (phyletic) Describing à a 
tem of *classification of organisms that 4 
to show their evolutionary history. Compa’ 
phenctic. 


Phylogeny The evolutionary history of #0 
organism or group of related organisms 
Compare ontogeny. 


phylum A category used in the class 
tion of animals that consists of one of 5€ 
eral similar or closely related classes. Exam 
Ples of phyla are the Protozoa, ponte 
Nematoda, Arthropoda, Mollusca, 837^ 
Chordata. Phyla are grouped into the uo 
dom Animalia. In plant classification, Y 
“division is usually used instead of the PhY 
lum. 


physiological saline A liquid medium in 
which animal tissues may be kept alive for 
a few hours during experiments without 
pathological changes or distortion of the 
cells taking place. Such fluids are salt solu- 
tions that are isotonic with and have the 
same pH as the body fluids of the animal. 
A well-known example is Ringer's solution, 
formulated by the British physiologist S. 
Ringer (1835-1910), which is a mixture of 
sodium chloride, calcium chloride, sodium 
eeoss's and potassium chloride solu- 
S, 


physiological specialization The occur- 
rence within a species of several forms that 
are identical in appearance but differ in 
physiology: these are termed physiological 
rees For example, many pathogenic fungi 
develop new physiological races in response 
lO the strong selection pressure exerted 
When disease-resistant crop varieties are 
Sown over large areas. 


Physiology The branch of biology con- 
ER with the vital functions of plants and 

imals, such as nutrition, respiration, Te- 
production, and excretion. 


Physisorption See adsorption. 


Pt Prefix denoting plants. For example, 
Proenathology is the study of plant diseas- 


Piytoctrome A protein-based plant pig- 
i t present in small quantities in many 
Le Organs. It exists in two interconverti- 
e forms: a physiologically active form. 
hich forms when the plant is illuminated 
With red light or normal daylight; and an 
inactive form, formed when the plant is ex- 
Hen to far-red light or darkness. The ac- 
Such form regulates many plant processes, 
as seed germination and the initiation 

of flowering. 


Phytogeography See plant geography. 
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PILEUS 


phytohormone See growth substance. 


phytoplankton The plant component of 
*plankton, consisting chiefly of microscopic 
algae, such as diatoms and dinoflagellates. 
Near the surface of the sea there may be 
many millions of such plants per cubic me- 
tre. Members: of the phytoplankton are of 
great importance as they form the basis of 
food for all other forms of aquatic life, be- 
ing the primary producers. Compare zoo- 
plankton. 


pia mater The innermost of the three 
membranes (*meninges) that surround the 
brain and spinal cord of vertebrates. The 
pia mater lies immediately adjacent to the 
central nervous. system, and the *choroid 
plexus, which secretes cerebrospinal fluid, is 
an extension of it. 


pico- Symbol p. A prefix used in the metric 
system to denote 107 12 For example, 
10-!? farad = 1 picofarad (pF). 


picornavirus One of a group of small 
RNA-containing viruses (pico = small; 
hence pico-RNA-virus) commonly present in 
the alimentary and respiratory tracts of 
vertebrates. They cause mild infections of 
these tracts but the group also includes the 
polioviruses, which attack the central ner- 
yous system causing poliomyelitis; and the 
causal agent of foot and mouth disease in 
cattle, sheep, and pigs. 


pie chart A diagram in which percentages 
are shown as sectors of a circle. If x percent 
of the prey of a carnivore comprises species 
X, y percent species Y, and z percent spe- 
cies Z, a pie chart would show three sectors 
having central angles 3.6x°, 3.6y°, and 
3.62°. 


The umbrella-shaped cap of certain 
fungi, such as mushrooms. Spores are pro- 
duced from ‘gills or pores on the lower sur- 
face. 


PILIFEROUS LAYER 


piliferous layer The Part of the root epi- 
dermis that bears *root hairs, It extends 
over a region about 4-10 mm behind the 
root tip. Beyond this the piliferous layer is 
sloughed off to reveal the hypodermis. 


Piltdown man Fossil remains, purported to 
have been found by Charles Dawson at Pilt- 
down, Sussex, in 1912, that were named Eo. 
anthropus dawsoni and described as a repre- 
Sentative of the true ancestors of modern 
man. The skull resembled that of a man but 
the jaw was apelike. In 1953 dating tech- 
niques showed the Specimen to be a fraud. 


pineal eye See median eye. 


Pinna (auricle 


) The visible part Of the 
“outer car, p 


resent in some mammals. It is 
and its function is to 


movable and aids in detec 
from which a sound Originates, 

pinocytosis The Process by which a living 
cell engulfs a minute droplet of liquid. It 
involves a technique similar to *phagocyto- 


sis. 


Pipette A graduated tube 


used for transfer- 
ring measured volumes of 


liquid. 


Ip of cold-blooded 
*gills and *fins 


of capillaries, one at the gills and the other 
in the body tissues. Three *semicircular 
canals are present in the inner ear. The 
Sense of smell is particularly well developed 
and pressure waves are detected by the lat- 
eral line system. . 

Fossils of fish date back to the Ordovi- 
cian period, 500-440 million years ago. 
Modem fish are divided into the *Elas- 
mobranchii (cartilaginous fishes) and *Os- 
teichthyes (bony fishes). 


Pistil The female part of a flower, consist- 
ing either of a single *carpel (simple pistil) 
Or à group of carpels (compound pistil). 


pith 1. (or medulla) The cylinder of *pa- 
renchyma tissue found in the centre of plant 
stems to the inside of the vascular tissue. It 
is light in weight and has been put to vari- 
ous commercial uses, notably the manufac- 
ture of pith helmets. 2, (not in scientific us- 
age) The white tissue below the rind of 
many citrus fruits. 3. To destroy the central 
nervous system of an animal, especially à 
laboratory animal such as a frog, by sever- 
ing its spinal cord, 


Pithecanthropus See Homo. 


Pituitary 


gland (pituitary body; hypoph- 
ysis) A 


Pea-sized endocrine gland attached 
by a thin stalk to the *hypothalamus at the 
base of the brain. It consists of two lobes: 
the anterior and the posterior. The anterior 
Pituitary secretes such hormones as “growth 
hormone, the "gonadotrophins, ‘prolactin, 
thyroid-stimulating hormone (see thyroid 
gland) and *ACTH, Because these hormones 
regulate the growth and activity of several 
other endocrine glands, the anterior pituita- 
TJ is often referred to as the master endo- 
rine gland. Activity of the anterior pituitary 
itself is regulated by specific hormone-re- 
leasing factors (neurosecretions) produced 
by the hypothalamus (see also 
neuroendocrine system). The posterior pitui- 


Y 


lary secretes the hormones *oxytocin and 
*vasopressin. 


placenta 1, The organ in mammals and 
other viviparous animals by means of which 
the embryo is attached to the wall of the 
uterus. It is composed of embyronic and 
maternal tissues: extensions of the *chorion 
and *allantois grow into the uterine wall so 
that materials (e.g. oxygen, nutrients) can 
pass between the blood of the embryo and 
its mother (there is, however, no direct con- 
nection between the maternal and embryon- 
ic blood). The placenta is eventually ex- 
Pelled as part of the *afterbirth. 2. A ridge 
of tissue on the ovary wall of flowering 
Plants to which the ovules are attached. The 
Arrangement of ovules on the placenta (plac- 
entation) is variable, depending on the 
number of carpels and whether they are free 
(see apocarpy) or fused (see syncarpy). 


Placentalia See Eutheria. 
Placoid scale (denticle) See scales. 


Plagiotropism The tendency for a *tropism 
oor response of a plant) to be orientat- 
a nite angle to the line of action of the 

lus concerned. For example, the 
growth of lateral branches and lateral roots 
is at an oblique angle to the stimulus of 


TY (plagiogeotropism). Compare orthotro- 


Planarians See Turbellaria. 


Plankton Minute *pelagic organisms that 
drift or float passively with the current in a 
Sea or lake. Plankton includes many micro- 
Scopic animals and plants, such as algac, 
Protozoans, various animal larvae, and some 
IE It forms an important food source 
many other members of the aquatic 
Community and is divided into *zooplank- 
ton and *phytoplankton. Compare nekton. 
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PLASMA CELLS 


plant Any living organism of the kingdom 
Plantae, characterized by an ability to man- 
ufacture carbohydrates by *photosynthesis, 
in which simple inorganic substances are 
built up into organic compounds. The radi- 
ant energy needed for this process is ab- 
sorbed by *chlorophyll, a complex pigment 
not found in animals. Most plants, except 
for certain microscopic algae, are immobile 
as there is no necessity to search for food. 
Other characteristics of plants include the 
possession of *cell walls (usually composed 
of *cellulose) and slow response to external 
stimuli. For a classification of the plant 
kingdom, sce Appendix. 


plant geography (phytogeography) The 
study of the distribution of world vegeta- 
tion, with particular emphasis on tb- influ- 
ence of the environmental factors that deter- 
mine this distribution. 


plantigrade Describing the gait of many 
mammals, including man, in which the 
whole lower surface of the foot is on the 
ground. Compare digitigrade; unguligrade. 


planula The ciliated free-swimming larva of 
many coclenterates, consisting of a solid 
mass of cells. It eventually settles on a suit- 
able surface and develops into a *polyp. 


A thin layer of organic material 
covering all or part of the exposed surface 
of a tooth. It contains dissolved food (most- 
ly sugar) and bacteria, The bacteria in 
plaque metabolize the sugar and produce 
acid, which eats into the surface of the en- 
amel of the tooth and eventually causes 
tooth decay (caries). s 


plasma See blood plasma. 


plasms cells Antibody-producing cells 
found in the epithelium of the lungs and 
gut and also in bone-forming tissue. They 
develop in the lymph nodes, spleen, and 
bone marrow when antigens stimulate lym- 


PLASMAGEL 


phocytes to form the precursor cells that 
give rise to them. 


plasmagel The specialized outer gel-like 
*cytoplasm of living cells (such as Amoeba) 
that move by extruding part of the cell 
(known as a *pseudopodium). in the direc- 
tion of motion. A reversible conversion of 
plasmagel to the more fluid *plasmasol is 
believed to be responsible for the continu- 
ous flow forward of cytoplasm necessary for 
forming a pseudopodium. 


plasmalemma See cell membrane. 
Plasma membrane See cell membrane, 


plasmasol The Specialized inner sol-like 
“cytoplasm of living cells that move by pro- 
ducing *pseudopodia, Compare Plasmagel. 


plasmid A structure 
DNA that can exist 


to *retroviruses, 
gene action. 


plasmolysis The loss of water from a plant 
cell to the extent that the Protoplasm 
shrinks away from the cell wall. Continual 
Plasmolysis results in wilting. Compare tur- 
Bor. 


plastid An *organelle within a plant cell, 
often occurring in large numbers. Apart 
from the nucleus, plastids are the largest 
solid inclusions in a plant cell. For conven- 
ience they are classified into those contain- 
ing pigments (*chromoplasts) and those that 
are colourless (*leucoplasts), although 
changes from one to the other frequently 
occur. Plastids develop from proplastids, col- 
ourless bodies found in meristematic and 
immature cells; they also arise by division 
of existing plastids. See also chloroplast. 


plastron See carapace. 


Platelet (thrombocyte) A small disc of 
Ted tissue in the blood. Platelets are formed 
as fragments of larger cells (megakaryocytes) 
found in red bone marrow; they have no 
nucleus. They play an important role in 
“blood clotting (see also clotting factors) 
and release serotonin, which causes blood 
Vessels to constrict, so reducing bleeding. 
There are about 250000 per cubic millime- 
tre of blood. 


Plate tectonics The theory that the surface 
of the earth is made of lithospheric plates, 
which have moved throughout geological 
time resulting in the present-day positions 
of the continents. The theory explains the 
locations of mountain building as well as 
earthquakes and volcanoes. The rigid litho- 
spheric plates consist of continental and 
Oceanic crust together with the upper man- 
tle, which lie above the weaker plastic asthe- 
nosphere. These plates move relative to each 
Other across the earth. Six major plates 
(Eurasian, American, African, Pacific, Indi- 
an, and Antarctic) are recognized, together 
with a number of smaller ones. The plate 
margins coincide with zones of seismic and 
volcanic activity. ; 
A constructive (or divergent) plate margin 
occurs when two plates move away from 
cach other. It is marked by a mid-oceanic 
ridge where basaltic material wells up from 
the mantle to form new oceanic crust, in 2 


process known as sea-floor spreading. The 
production of new crust al constructive 
plate margins is compensated for by the de- 
struction of material along a destructive (or 
divergent) plate margin. Along these mar- 
gins, which are also known as subduction 
zones and marked by an oceanic trench, one 
plate (usually oceanic) is forced to plunge 
down beneath the other (which may be con- 
tinental or oceanic). The crust becomes par- 
tially melted and rises to form a chain of 
volcanoes in the upper plate parallel to the 
trench, When two continental plates collide 
the compression results in the formation of 
mountain chains. A third type of plate mar- 
Bin — the transform plate margin — occurs 


Where two plates are slipping past each 
other. ` 


Platyhelminthes A phylum of invertebrates 
comprising the flatworms, characterized by a 
flattened unsegmented body. The simple 
nervous system shows some concentration of 
cells, at the head end. The mouth leads to a 
simple branched gut without an anus. Flat- 
Worms are hermaphrodite but self-fertiliza- 
tion is unusual. Many species are parasitic. 
The phylum contains the classes *Turbel- 
lari (planarians), *Trematoda (flukes), and 
Cestoda (tapeworms). 


Pleiomorphism The existence of distinctly 
different forms during the life cycle of an 
individual, eg. the caterpillar, pupa, and 
Winged adult of a butterfly. 


Pleistocene The earlier epoch of the *Qua- 
ternary period (compare Holocene). lt ex- 
tended from the end of the Pliocene, about 
2 million years ago, to the beginning of the 
Dan about. 10000 years ago. The 
. eistocene is often known as the Ice Age as 
it was characterized by a series of glacials, 
in which ice margins advanced towards the 
equator, separated by interglacials when the 
1ce retreated. See also ice age. 


POIKILOTHERMY 


pleura The double membrane that lines the 
thoracic cavity and covers the exterior sur- 
face of the lungs. It is a *serous membrane 
forming a closed sac, with a small space 
(the pleural cavity) between the two layers. 


plexus A compact branching network of 
nerves or blood vessels, such as the brachial 
plexus — a network of spinal nerves that 
supply branches to the forelimbs in 
vertebrates. See also choroid plexus. 


Pliocene The fifth and final epoch of the 
“Tertiary period. Preceded by the Miocene 
and followed by the Pleistocene, it began 
about 7 million years ago and lasted for 
about 5 million years. Mammals similar to 
modern forms existed during the epoch and 
the australopithecines (see Australopithecus), 
early forerunners of man, appeared. 


plumule 1. (in zoology) A *down feather. 
2. (in botany) The part of a plant embryo 
that develops into the shoot system. It con- 
sists of the stem apex and first leaves. In 
seedlings showing *epigeal germination the 
plumule grows above the soil surface togeth- 
er with the cotyledons; in seeds showing 
*hypogeal germination, the plumule alone 
emerges. Compare radicle. 


pod See legume. 


poikilothermy (cold-bloodedness) The 
passive variation in the internal body tem- 
perature of an animal, which depends on 
the temperature of the environment. All ani- 
mals except birds and mammals are cold- 
blooded. Although unable to maintain a 
constant body temperature, they can re- 
spond to compensate for very low or very 
high temperatures. For example, the tissue 
composition (especially cell osmotic pres- 
sure) can change to regulate the blood flow 
to peripheral tissues (and thus increase heat 
loss or heat absorption), and the animals 
can acüvely seek sun or shadc. Seasonal 
changes in metabolism are usually under 
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hormonal control. In particularly hot cli- 
mates, cold-blooded animals may undergo 
"aestivation to escape the heat. Compare ho- 
moiothermy. 


polar body See oogenesis. 
pollen The mass of grains containing the 


male gametes of seed plants, which are pro- 
duced in large numbers in the *pollen sacs. 


The pollen grains of insect-pollinated plants» 


may be spiny or pitted and are usually larg- 
er than those of wind-pollinated plants, 
which are usually smooth and light, The 
pollen grain represents the male *gameto- 
phyte generation. The wall of the mature 
pollen grain consists of the tough outer wall 
(exine) and the more delicate Narrower in- 
tine. The latter gives rise to the “pollen 
tube. See also pollination, 


Pollen analysis See palynology. 


pollen sac The Structure in seed plants in 
Which pollen is produced. In angiosperms 
there are usually four pollen sacs in each 
“anther. ‘In gymnosperms variable numbers 
of pollen sacs are borne on the microsporo- 
phylls that make up the male *cone, 


Pollen tube An outgrowth of 
grain, which transports the male 
the ovule. It will only grow if 
grain is compatible with the 


a pollen 
gametes to 
the pollen 
female tissue. 
in is deposit- 
€d on the stigma and the pollen tui 
down through the style and into the ovule. 
In some Bymnosperms, eg. Pinus (pines), 
the pollen tube penetrates the *nucellus but 
does not develop further until the following 
year, when the female Part of the plant is 
mature. See also embryo sac; fertilization. 


pollex The innermost digit on the forelimb 
of a tetrapod vertebrate. It contains two 
Phalanges (see pentadactyl limb) and in 
man and higher primates it is the thumb, 
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which is opposable (i.e. capable of facing 
and touching the other digits) and gives the 
hand greater manipulating ability. In some 
mammals a pollex is absent. Compare hal- 
lux. 


Pollination The wansfer of pollen from an 
anther (the male reproductive organ) to a 
stigma (the receptive part of the female re- 
Productive organ), either of the same flower 
(self-pollination) or of a different flower of 
the same species (cross-pollination). Cross- 
Pollination involves the action of a pollinat- 
ing agent to effect transfer of the pollen (see 
anemophily; entomophily; hydrophily). See 
also fertilization; incompatibility, 


Pollution An undesirable change in the 
Physical, chemical, or biological characteris- 
tics of the natural environment, brought 
about by man’s activities. It may be harmful 
to human or nonhuman life, Pollution may 
affect the soil, rivers, seas, or the atmos- 
Phere. There are two main classes of pollu- 
tants: those that are biodegradable (c.g. :sew- 
age), ic. can be rendered harmless by 
natural processes and need therefore cause 
no permanent harm if adequately dispersed 
Or treated; and those that are nonbiodegrad- 
able (eg. heavy metals (such as lead) and 
“DDT), which eventually accumulate in the 
environment and may be concentrated m 
"food chains. Other forms of pollution u 
the environment include noise (e.g. from jet 
aircraft, traffic, and industrial processes) 
and thermal pollution (e.g. the release of ex- 
Cessive waste heat into lakes or rivers caus. 
ing harm to wildlife). Recent pollution 
Problems include the disposal of *radioac- 
live waste; acid rain resulting from industri- 
al emissions of sulphates; increasing levels 
of human waste; and high levels of carbon 
dioxide in the atmosphere. Attempts to con- 
ain or prevent pollution include strict regu- 
lations Concerning factory emissions, the use 
Of smokeless fuels, and the banning of cer- 
tain pesticides. 


Polychaeta A class of annelid worms in 
which each body segment has a pair of flat- 
tened fleshy lobes (parapodia) bearing nu- 
merous bristles (*chaetae). All polychaetes 
are aquatic and most of them are marine. 
They include the fanworms (Sabella), which 
construct tubes of sand, etc., in which they 
live; and the lugworms (Arenicola) and 
mas (Nereis), which burrow in sand or 
mud. 


Polyembryony 1. The formation of more 
than one embryo in a plant seed. Often one 
embryo develops from the fertilized egg cell, 
while the others have formed asexually from 
other tissues in the ovule. 2. The formation 
of More than one embryo from a single 
animal zygote, *Identical twins are produced 
in this way. 


Polygene Any of a group of genes influenc- 
ing a quantitative characteristic, c.g. height 
ìn man. See multifactorial inheritance. 


Polymer A substarce having large mole- 
Cules consisting of repeated units (the mo- 
nomers). There are a number of natural 
Polymers, such as polysaccharides. 


Polymorphism The existence of three or 
more distinctly different forms within a 
Plant or animal species. An example is the 
Caste system of social insects, in which 
there are the workers, drones, and queens. 
This is an environmental polymorphism, ie. 
the differences are caused by environmental 
Father than genetic factors, in this case by 
the larvae receiving different types of food. 
There are also heritable or genetic 
Polymorphisms. An example is the occur- 
Fence of sickle-cell anaemia, a genetic dis- 
case that principally affects Negro popula- 
tions of central Africa and is characterized 
by an abnormal form of the blood pigment 
haemoglobin and sickle-shaped red blood 
Cells. Three different types of individual oc- 
Cur in such populations: those who have 
two genes (44) for normal haemoglobin 
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and therefore do not suffer from the dis- 
ease; those with one normal and one abnor- 
mal gene (AS), who suffer from a relatively 
mild form; and those with two abnormal 
genes (SS), who suffer a chronic and even- 
tually fatal form of anaemia. Normally such 
a harmful gene would have been eliminated 
from the population by the process of natu- 
ral selection, but it is maintained in this 
case because people with the mild form of 
the disease are resistant to a severe form of 
malaria endemic in central Africa. 


polyp The sedentary stage in the life cycle 
of the *Coelenterata, consisting of a cylin- 
drical body fixed at one end to a firm base 
and having a mouth surrounded by a ring 
of tentacles at the other. Some polyps (e.g. 
Hydra) are single; others (e.g. the corals and 
Obelia) form colonies, Polyps typically 
reproduce asexually by budding to form ei- 
ther new polyps or *medusac. The latter 
reproduce sexually giving rise to new 
polyps. Sea anemones are solitary polyps 
that reproduce sexually to form new polyps. 


polypeptide A “peptide comprising ten or 
more amino acids. Polypeptides that consti- 
tute proteins usually contain 100-300 
amino acids. Shorter ones include certain 
antibiotics, e.g. gramicidin, and some hor- 
mones, e.g. *ACTH, which has 39 amino 
acids. The properties of a polypeptide are 
determined by the type and sequence of its 
constituent amino acids. 


polyphyletic Denoting any group of organ- 
isms the members of which have originated 
from several different ancestors. An example 
is the group including all insectivorous ani- 
mals. Polyphyletic groups are not natural 
groups and do not have any place in natu- 
ral classifications. Compare monophyletic. 


polyphyodont Describing a type of denti- 
tion in which the teeth are continuously 
shed and replaced during the lifetime of the 
animal. Sharks and frogs have a polyphy- 


POLYPLOID 


odont dentition. Compare  diphyodont; 
monophyodont. 


polyploid Describing a nucleus that con- 
tains more than two sets of chromosomes 
(see diploid) or a cell or organism contain- 
ing such nuclei. For example, triploid plants 
have three sets of chromosomes and tetra- 
ploid plants have four. Polyploidy is far 
more common in plants than in animals; 
many crops, in particular, are polyploid 
(bread wheat, for example, is hexaploid, i.e. 
6n). 


Polysaccharide Any of a group of carbo- 
hydrates comprising long chains of mono- 
saccharide (simple sugar) molecules. Homo- 
polysaccharides consist of only one type of 
monosaccharide; heteropolysaccharides con- 
tain two or more different — types. 
Polysaccharides may have molecular weights 
of up to several million and are often highly 
branched. Some important examples are 
starch, glycogen, and cellulose. 


polyspermy The entry of several sperms in- 
to the egg during fertilization although only 
One sperm nucleus actually fuses with the 
egg nucleus. Polyspermy occurs in animals 
With yolky eggs (e.g. birds). 


à uals making up 
the colonies are about Imm long and su- 
Perficially resemble  coelenterate *polyps, 
with a mouth surrounded by'ciliated tenta- 
cles that trap minute Particles of Organic 
matter in the water. Some have a horny or 
Calcareous outer skeleton into which the 
body can be withdrawn. 


pome A type of fruit characteristic of ap- 
ples and pears. The flesh of the fruit devel- 
Ops from the *receptacle of the flower, 
which completely encloses the fused carpels, 
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After fertilization the carpels form the ‘core’ 
of the fruit, which contains the seeds. See 
also pseudocarp. 


pons (pons Varolii) A thick tract of nerve 
fibres in the brain that links the medulla 
oblongata to the midbrain. Its function is to 
relay impulses between different parts of the 
brain. The pons is named after its discover- 
er, the Italian anatomist C. Varoli 
(1543-75), 


population (in ecology) 1. A group of indi- 
viduals of the same species within a *com- 
munity. The nature of a population is deter- 
mined by such factors as density, *sex ratio, 
birth and death rates, emigration, and immi- 
gration. 2. The total number of individuals 
of a given species or other class of organ- 
isms in a defined area, e.g. the population 
of rodents in Britain. 


Population dynamics The study of the 
fluctuations that occur in the numbers of 
individuals in animal and plant populations 
and the factors controlling these fluctua- 
lions, An important distinction is main- 
tained between those factors that are de- 
Pendent on population density and have à 
Stabilizing effect (eg. food supply) and 
those that are independent of population 
density (e.g. catastrophes, such as flooding) 


Population genetics The study of the dis- 
tribution of inherited *variation among à 
group of organisms of the same species. The 
Potential for change depends on the sum to- 
tal of alleles that are available to the organ- 
isms (the gene pool, and estimates of 
changes in allele frequency in a population 
Bive an indication of its response to 3 
changing condition. 


Porifera The phylum of marine and fresh- 
Water invertebrates that comprise the 
Sponges, which live permanently attached to 
rocks or other surfaces. The body of 8 
Sponge is hollow and consists basically of 


e aggregation of cells between which there 
is little nervous coordination. The body is 
Supported by an internal skeleton of spic- 
ules of chalk, silica, or fibrous protein (bath 
Sponges have protein skeletons). Flagellated 
ee (choanocytes) cause water to flow in 
ie ugh openings in the body wall and out 

ough openings at the top; food particles 
es from the water by the choano- 


Porn Any of a group of related organ- 
E gem Characterized by the posses- 
um ue a cyclic group of four linked nitro- 
F are Tings (a pyrrole nucleus). 
at yrins differ in the nature of their side- 
* in groups. They include the *chloro- 
Phylls and the *haem groups of haemo- 
globin, myoglobin, and the cytochromes. 


cd vein (portal circulation; portal 

EA m) Any vein that collects blood from 

dis cneqorE of capillaries and transports it 

aie y to a second capillary network in an- 

S s Tegion of the body, without returning 
the heart. See hepatic portal system. 


Positive feedback See feedback. 
Postcaval vein See vena cava. 


Er l. Designating the part of an 
ca t is to the rear, i.e. that follows 
DN e animal is moving. In man and 
GSC animals (eg. kangaroos) the posteri- 
(os nas is equivalent to the *dorsal sur- 
cx Designating the side of a flower or 

lary bud that faces towards the flower 


Stalk or mai z 
anterior. in stem, respectively. Compare 


RN Symbol K. A soft silvery metal- 
Rte lent that is an *essential element for 
‘ig of Sen The potassium ion, K *, is 
ting ae abundant cation in plant tissues, 
Úe in sorbed through the roots and being 
E such processes as protein synthesis. 

animals the passage of potassium and so- 
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dium ions across the nerve-cell membrane is 
responsible for- the changes of electrical po- 
tential that accompany the transmission of 
impulses. 


potassium-argon dating A “dating tech- 
nique for certain rocks that depends on the 
decay of the radioisotope potassium—40 to 
argon-40, a process with a half-life of 
about 1.27 X 10'° years. It assumes that 
all the argon—40 formed in the potassium- 
bearing mineral accumulates within it and 
that all the argon present is formed by the 
decay of potassium-40. The mass of ar- 
gon-40 and potassium-40 in the sample is 
estimated and the sample is then dated 
from the equation: 
40ar = 0.1102 *°K(e’ - 1), 

where À is the decay constant and t is the 
time in years since the mineral cooled to 
about 300°C, when the ‘°Ar became 
tapped in the crystal lattice. The method is 
effective for micas, feldspar, and some other 
minerals. 


potometer An apparatus used to measure 
the rate of water loss from a shoot (see 
transpiration) under natural or artificial 


conditions. 


poxvirus One of a group of DNA-contain- 
ing viruses, often enclosed in an outer mem- 
brane, that typically produce skin lesions in 
vertebrates. They include those viruses caus- 
ing smallpox (variola), cowpox (vaccinia), 
and myxomatosis. Some poxviruses produce 
tumours. 


Precambrian The division of geological 
time from the formation of the earth, be- 
lieved to be about 4600 million years ago, 
io the beginning of the Cambrian period, 
some 570 million years ago. The Precambri- 
an thus represents most of geological time. 
Fossils are rare, although *stromatolites oc- 
cur, ànd subsequent metamorphism of Pre- 
cambrian rocks makes correlation of rocks 
and events extremely difficult. The Precamb- 


PRECAVAL VEIN 


rian was formerly divided into the Archaean 
and the Proterozoic but these divisions are 
now considered largely irrelevant. The larg- 
est areas of exposed Precambrian rocks are 
the shield areas, such as the Canadian (Lau- 
rentian) Shield and the Baltic Shield. 


precaval vein See vena cava. 


precipitin Any ‘antibody that combines 
with its specific soluble *antigen to form a 
precipitate. The term is sometimes applied 
to the precipitate itself. See also agglutina- 
tion. 


premolar A broad ridged tooth in mam- 
mals that is situated behind the *canine 
teeth. (when Present) and in front of the 
*molars. Premolars are adapted for grinding 
and chewing food and are Present in both 
the deciduous and permanent dentitions, 


Presbyopia A loss of accommodation that 
normally develops in human eyes over the 
age of 45-50 years. Vision of distant ob- 
jects remains unchanged but accommodation 
of the eye to near objects is reduced as a 
Tesult of loss of elasticity in the lens of the 
eye. The defect is corrected by reading 
glasses using weak converging lenses, 


presumptive Describing embryonic tissue 
that is not yet “determined but which will 
eventually develop into a certain kind of tis- 
sue by virtue of its Position in the embryo. 


prickle A hard sharp Protective outgrowth, 
many of which may cover the Surface of a 
plant. It contains cortical and vascular tis- 
sue and is not regarded as àn epidermal 
outgrowth. Compare spine; thorn. 


primary growth The increase in Size of 
shoots and roots of plants that results from 
the activity of the "apical (tp) meristems 
and subsequent expansion of the cells pro- 
duced. The tissues thus produced are called 
primary tissues and the resultant plant parts 
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constitute the primary plant body. Compare 
secondary growth. 


Primates An order of mammals that in- 
cludes the monkeys, apes, and man. Pri- 
mates evolved from arboreal insectivores 
130 million years ago. They are character- 
ized by thumbs and big toes that are opposi 
able (i.e. capable of facing and touching the 
other digits), which permits manual dexteri- 
ty, and forward-facing eyes allowing *binoc- 
ular vision. The brain, particularly the cere- 
brum, is relatively large and well-developed, 
accounting for the intelligence and quick re- 
actions of these mammals. The young are 
usually produced singly and undergo a long 
Period of growth and development to the 
adult form. 


Primordium A group of cells that repre- 
sents the initial stages in development of a 
plant organ. Root and shoot primordia are 
Present in a young plant embryo while leaf 
Primordia (or leaf buttresses) are scen as 
small bulges just below the shoot apex. 


Proboscidea The order of mammals that 
comprises the elephants. They are herbivo- 
rous, with a muscular trunk (*proboscis) 
used for drinking, bathing, and collecting 
food. The tusks are continuously growing 
upper incisors and the enormous ridged mo- 
lar teeth are produced in sequence to re 
Place worn teeth throughout life. The order, 
which evolved in the Eocene epoch, was for- 
merly much larger and more widespread 
than it is today and included the extinct 
mammoths. There are ony two species of 
modern elephants: the African and Indian 
species. 


proboscis 1. The trunk of an elephant: 2 
muscular and very flexible elongation of the 
nose, which has a finger-like extremity and 
is capable of picking up and moving ob- 
Jects, taking in water, collecting food, etc. 2. 
The elongated mouthparts of certain in- 


vertebrates, such as the two-winged flies 
(Diptera). 


procambium A plant tissue formed by the 

apical meristems of shoots and roots. It 
consists of cells elongated parallel to the 
long axis of the plant. The procambium 
Subsequently gives rise to the primary *vas- 
cular tissue. 


Procaryote See prokaryote. 


pcena A genus of extinct apes known 
i m fossil remains, 50 million years old, 
ound mostly in Kenya and assigned to the 
aoe P. africanus. A find made in 1948 
per the first discovery of a skull of Miocene 
ees It is believed that Proconsul was similar 
5 possibly closely related to the genus 
Dryopithecus. 


meer An organism considered as a 
"food oria for those above it in a 
Greer in (ie. at the next *trophic level). 
cs Plants, which convert energy from 

Bht into chemical energy, are primary 
^ urn herbivores are secondary produc- 
EP cd utilize energy from green plants 

& 2 

pora ergy for carnivores. Compare 


Padueirity (in ecology) The rate at which 
pre population, or community as- 
Eure energy (gross productivity) or makes 
ioa potentially available (as body tissue) 
5). end that feeds on it (ner productivi- 
is ERE difference between these two rates 
"ncn to the rate at which energy is lost 
M excretion and respiration. Thus 
Which Primary productivity is the rate at 
pri Plants assimilate light energy, and net 
EX Productivity is the rate at which en- 
restrial ge as plant tissue. In ter- 
ee Plants, much of the net productivity 

t actually available to *consumers, c.g 


tree roo; z 
Pee are not eaten by herbivores. See 


PROLACTIN 
D 

profundal Occurring in or designating the 
deep-water zone of an inland lake. Light in- 
tensity, oxygen concentration, and (during 
summer and autumn) temperature are mark- 
edly lower than in the surface layer. Com- 
pare littoral; sublittoral. 


progesterone A hormone, produced pri- 
marily by the *corpus luteum of the ovary 
but also by the placenta, that prepares the 
inner lining of the uterus for implantation 
of a fertilized egg cell. If implantation fails, 
the corpus luteum degenerates and proges- 
terone production ceases accordingly. If im- 
plantation occurs, the corpus luteum contin- 
ues to secrete progesterone, under the 
influence of “luteinizing hormone and *pro- 
lactin, for several months of pregnancy, by 
which time the placenta has taken over this 
function. During pregnancy, progesterone 
maintains the constitution of the uterus and 
prevents further release of eggs from the 
ovary. Small amounts of progesterone are 
produced by the testes. See also proges- 
togen. 


progestogen One of a group of naturally 
occurring or synthetic hormones that main- 
tain the normal course of pregnancy. The 
best known is *progesterone. In high doses 
progestogens inhibit secretion of *luteinizing 
hormone, thereby preventing ovulation, and 
alter the consistency of mucus in the vagina 
so that conception tends not to occur. They 
are therefore used as major constituents of 
oral contraceptives. 


prokaryote (procaryote) An organism in 
which the genetic material is not enclosed in 
a cell nucleus. Bacteria and blue-green algae 
are prokaryotes. It is believed that eukaryot- 
ic cells (see eukaryote) probably evolved as 
symbiotic associations of prokaryotes. See 
cell. 


prolactin (lactogenic hormone; luteo- 


trophic hormone; luteotrophin) A hor- 
mone produced by the anterior pituitary 
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gland. In mammals it stimulates the mam- 
mary glands to produce milk (see lactation) 
and the corpus luteum of the ovary to se- 
crete the hormone “progesterone. Secretion 
of prolactin is increased by suckling. In 
birds prolactin stimulates secretion of crop 
milk by the crop glands. 


proline See amino acid. 


pronation Rotation of the lower forearm so 
that the hand faces backwards or down- 
wards with the radius and ulna crossed. 
Compare supination. 


prophase The first stage of cell division, 
during which chromosomes contract and di- 
vide along their length (except for the cen- 
tromeres) into chromatids. In “mitosis, the 
chromosomes remain Separate 
other. In the first division of * 
mologous chromosomes. become paired (see 
Pairing). By the end of first Prophase the 
two chromosomes begin to move apart. 


‘meiosis, ho- 


Proplastid See plastid. 


ture. 


Prop root Any of the modified roots that 
arise from the stem of certain plants and 
Provide extra support. Such stems are usual- 
ly tall and slender and the Prop roots devel- 
Op at successively higher levels as the stem 
elongates, as in the maize Plant. Buttress 
roots, which develop at the base of the 
trunks of many tropical trees, are similar 
but tend to have a more flattened appear- 
ance. Stilt roots are stouter than Prop roots. 
Those formed at the base of the mangrove 
tree provide firm anchorage in the soft mud 
of the swamps. 


Prosencephalon See forebrain. 


Prostaglandin Any of a group of organic 
compounds derived from  *essential fatty 
acids and causing a range of physiological 
effects in animals. Prostaglandins have been 
detected in most body tissues. They act at 
very low concentrations to cause the con- 
traction of smooth muscle; natural and syn- 
thetic prostaglandins are used to induce 
abortion or labour in humans and domestic 
animals. Two prostaglandin derivatives baie 
antagonistic effects on blood circulation: 
thromboxane A, causes blood clotting while 
Prostacyclin causes blood vessels to dilate. 
Inflammation in allergic reactions and other 
diseases is also thought to involve pros- 
taglandins, 


prostate gland A gland in male mammals 
that surrounds and opens into the urethra 
where it leaves the bladder. During cjacula- 
tion it secretes a fluid into the semen that 
activates the sperms and prevents them 
from sticking together. 


Prosthetic group A tightly bound nonpep- 
tide inorganic or organic component of a 
Protein. Prosthetic groups may be lipids, 
carbohydrates, metal ions, phosphate 
groups, etc. Some *coenzymes are more Cor- 
rectly regarded as prosthetic groups. 


protamine Any of a group of proteins of 
relatively low molecular weight found in as- 
Sociation with the chromosomal *DNA of 
Vertebrate male germ cells. They contain 8 
single polypeptide chain comprising about 
67% arginine. Protamines are thought 10 
Protect and support the chromosomes. 


Protandry 1. The condition in which the 
male reproductive organs (stamens) of à 
flower mature before the female ones (car 
Pels), thereby ensuring that self-fertilization 
does not occur. Examples of protandrous 
flowers are ivy and rosebay willowherb. 
Compare protogyny; homogamy. See also di- 


chogamy. 2. The condition in hermaphro- 
dite or colonial invertebrates in which the 
male gonads or individuals are sexually ma- 
ture before the female ones. Compare proto- 
gyny. 


Protease (peptidase; proteinase; proteo- 
lytic enzyme) Any enzyme that catalyses 
the splitting of proteins into smaller *pep- 
lide fractions and amino acids, a process 
known as proteolysis. Examples are *pepsin 
and "trypsin. Several proteases, acting se- 
quentially, are normally required for the 
complete digestion of a protein to its con- 
Stituent amino acids. 


Protein Any of a large group of organic 
compounds found in all living organisms. 
Proteins comprise carbon, hydrogen, oxygen, 
and nitrogen and most also contain sulphur; 
molecular weights range from 6000 to sever- 
al million. Protein molecules consist of one 
of several long chains (*polypeptides) of 

‘amino acids linked in a characteristic se- 
quence. This sequence is called the primary 
Structure of the protein. These polypeptides 
May undergo coiling or pleating, the nature 
and extent of which is described as the sec- 
ondary structure. The — three-dimensional 
shape of the coiled or pleated polypeptides 
15 called the tertiary structure. Quaternary 
rod specifies the structural relationship 
of the component polypeptides. 

Proteins may be broadly classified into 
ou proteins and fibrous proteins. 
bin ular proteins have compact rounded 

olecules and are usually water-soluble. of 
Prime importance are the *enzymes, proteins 
that catalyse biochemical reactions. Other 
Led Proteins include the ‘antibodies, 
h: Combine with foreign substances in 
35 body; the carrier proteins, such as 
Ves eb; the storage proteins (e.g. *ca- 
E in milk and *albumin in egg white), 
br certain hormones (cg. insulin). Fi- 
eae Proteins are generally insoluble in 
mus and consist of long coiled strands or 

Sheets, which confer strength and elas- 
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PROTISTA 


ticity. In this category are *keratin and 
*collagen. Actin and myosin are the princi- 
pal fibrous proteins of muscle, the interac- 
tion of which brings about muscle contrac- 
tion. *Blood clotting involves the fibrous 
protein called fibrin. 

When heated over 50°C or subjected to 
strong acids or alkalis, proteins lose their 
specific tertiary structure and may form in- 
soluble coagulates (e.g. egg white). This usu- 
ally inactivates their biological properties. 


protein synthesis The process by which 
living cells manufacture proteins from their 
constituent amino acids, in accordance with 
the genetic information carried in the DNA 
of the chromosomes. This information is en- 
coded in messenger *RNA, which is tran- 
scribed from DNA in the nucleus of the cell 
(see genetic code; transcription): the se- 
quence of amino acids in a particular prote- 
in is determined by the sequence of nucleo- 
tides in messenger RNA. At the ribosomes 
the information carried by messenger RNA 
is translated into the sequence of amino 
acids of the protein in the process of *trans- 
lation. 


proteolysis The enzymic splitting of pro- 
teins. See protease. 


proteolytic enzyme See protease. 


prothallus A small flattened multicellular 
structure that represents the independent 
*gametophyte generation of pteridophytes. 
In some pteridophytes a single prothallus 
bears both male and female sex organs. In 
others there arc separate male and female 
prothalli. " 


Protista A kingdom into which all organ- 
isms of simple biological organization can 
be classified. It includes the *algae, *bacte- 
ria, *fungi, and *Protozoa. Some authorities 
restrict membership of the kingdom to uni- 
cellular organisms. Compare Thallophyta. 


PROTOGYNY 


protogyny 1. The condition in which the 
female reproductive organs (carpels) of a 
flower mature before the male ones (sta- 
mens), thereby ensuring that self-fertilization 
does not occur. Examples of protogynous 
flowers are plantain and figwort. Compare 
Protandry; homogamy. See also dichogamy. 
2. The condition in hermaphrodite or colo- 
nial invertebrates in which the female 
gonads or individuals are Sexually mature 
before the male ones. Compare protandry. 


protoplasm The granular material compris- 
ing the living contents of a *cell, i.c. all the 
substances in a cell except large vacuoles 
and material recently ingested or to be ex- 
creted. It consists of a *nucleus embedded 
in a jelly-like *cytoplasm. 


wall; the: 


involved in cell metabolism and reproduc- 
tion. 


Prototheria A subclass of 
monotremes — that lay 
contains only the du 
the spiny anteater, 
young feed on milk fr 
glands inside a ma 


mammals — the 
large yolky eggs. It 
ckbilled platypus and 
After hatching, the 
‘om simple mammary 
ternal abdominal pouch. 
In the anteater the eggs are also incubated 
in this pouch, while the Platypus builds an 
underground nest. Adult mont 


otremes have 
no true teeth. Their skeleton resembles that 
of a reptile, and although they are warm- 


blooded the body temperature is somewhat 
variable. They are believed 


to have originat- 
ed at least 150 million years ago. 


Protozoa A phylum comprising unicellular 
or acellular, usually microscopic, organisms 


regarded either as simple animals or mem- 
bers of the kingdom *Protista. They are 


widely distributed in marine, fresh- 
vim Ei excl terrestrial habitats; most 
protozoans are. saprophytes, but m EE 
parasites, including the agents causing 
ria (Plasmodium) and sleeping sickness 
(Trypanosoma), and a few contain b 
phyll and carry out puctoypiesd i 
plants. Protozoan cells may be flexib ea 
rigid, with an outer *pellicle or protec s 
fest. In some (such as Paramecium E 
Trypanosoma) *cilia or *flagella arc Pi 
for locomotion; others (such as *Am d 
have *pseudopodia for movement and fi s 
capture. *Contractile vacuoles E x. 
freshwater protozoans. Reproduction is us! 7 
ally asexual, by binary fission, but som 
protozoans undergo a form of sexual repro" 
duction (see conjugation). 


Proventriculus 1. The anterior part of 
stomach of a bird, where digestive enzym d 
are secreted. Food passes from the proves 
triculus to the *gizzard. 2. See gastric mill- 


proximal Denoting the part of an Qu 
that is nearest to the organ's point of P. 
tachment. For example, the knuckles are 4! 
the proximal end of the fingers. Compare 
distal. 


Pseudocarp (false fruit) A fruit that rf 
Corporates, in addition to the ovary W^ 
other parts of the flower, such as the dis 
ceptacle. For example, the fleshy part of 
Strawberry is formed from the recep! i: 
and the ‘pips’ on the surface are the t™ 
fruits. See also composite fruit; pome; SOF 
sis; syconus. 


Pseudoparenchyma A plant tissue that E. 
Perficially resembles parenchyma but cae 
made up of an interwoven mass of hyp! i 
(in fungi) or filaments (in algae). Eann : 
of Pseudoparenchymatous structures are ic) 
fruiting bodies (mushrooms, toadstools, €! 
of certain fungi and the thalli of certain 
and brown algae, 
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pseudopodium A temporary outgrowth of 
the cell of some protozoans (e.g. Amoeba), 
which serves as a feeding and locomotory 
organ. Pseudopodia may be blunt or thread- 
like, form a branching network, or be stiff- 
ened with an internal supporting rod. White 
blood cells also form pseudopodia to engulf 
invading bacteria, 


Pseudopregnancy A state resembling preg- 
panty that may occur in some mammals in 
which many of the phenomena of pregnancy 
are present but there is no fetus developing 
in the uterus, 


Pteridophyta A division of the plant king- 
dom that includes the ferns, horsetails, and 
clubmosses. Pteridophytes possess true 
stems, leaves, and roots, and have an organ- 
pen. vascular system. They have a wide 
(mainly terrestrial) distribution with the 
maximum development in the tropics. Many 
genera are now extinct, having formed 
Prominent plant groups in the Carbonifer- 
9us period. There is a marked alternation of 
Benerations between gameie-bearing forms 
(gametophytes) and  spore-bearing forms 
(sporophytes). Unlike the bryophytes, the 
Benerations are often independent and the 
Sporophyte is the dominant generation. Pte- 
Tidophytes differ from gymnosperms and an- 
pias in not producing seeds. The divi- 
ED includes the classes — *Lycopsida, 

teropsida, and *Sphenopsida. In some 
Classification schemes these classes are re- 
garded as subdivisions of the *Trache- 
Ophyta. 


Preridospermales (seed ferns) An extinct 
= a of the *Gymnospermae that flourished 
de E Carboniferous period. They possessed 
aracteristics of both the ferns (see 
S] and the seed plants (see 
Permatophyta) in reproducing by means of 
ee yet retaining fernlike leaves. Their 
ud anatomy combined both fern and 
-plant characteristics. 


PULP CAVITY 
pterodactyls See Pterosauria. 


Pteropsida A subdivision of the *Trache- 
ophyta containing the ferns (see Filicinae) 
and seed plants (see Gymnospermae; Angi- 
ospermae), or a class of the *Pteridophyta 
containing only the ferns. 


Pterosauria An extinct order of flying rep- 
tles — the pterodactyls —that lived in the 
Jurassic and Cretaceous periods (180-70 
million years ago). Pterodactyls had beaked 
jaws and an clongated fourth finger that 
supported a membranous wing. They had 
long jointed tails, no feathers, and could 
probably only fly by soaring. 


ptyalin An enzyme that digests carbohy- 
drates (see amylase). It is present in mam- 
malian ‘saliva and is responsible for the ini- 
tial stages of starch digestion. 


pubis One of the three bones that make up 
each half of the “pelvic girdle. It is the 
most anterior of the three pelvic bones. In 
mammals and many reptiles the pubes are 
united at a slightly movable joint, the pubic 
symphysis. See also ilium; ischium. 


pulmonary artery The artery that conveys 
deoxygenated blood from the right ventricle 
of the heart to the lungs, where it receives 
oxygen. 


pulmonary vein The vein that conveys ox- 
ygenated blood from the lungs to the left 
atrium of the heart. 


pulp cavity The central region of a tooth, 
which is connected by a narrow channel at 
the tip of the root with the surrounding tis- 
sues. The pulp cavity contains the pulp — 
connective tissue in which blood vessels and 
nerve fibres are embedded, and it is lined 
with ‘odontoblasts, which produce the 
*dentine. 
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PULSE 


pulse (in physiology) A series of waves of 
dilation that pass along the arteries, caused 
by pressure of blood pumped from the heart 
through contractions of the left ventricle. In 
man it can be felt easily where arteries pass 
close to the skin surface, e.g. at the wrist. 


pulvinus A group of cells at the base ofa 
leaf or leaflet in certain plants that, by rap- 
idly losing water, brings about changes in 
the position of the leaves. In the sensitive 
plant (Mimosa pudica), the pulvinus is re- 
sponsible for the folding of the leaves that 
occurs at nightfall or when the plant is 
touched or injured. 


punctuated equilibrium A theory propos- 
ing that plant and animal Species usually 
arise very quickly in lerms of geological 
time (in less than 100 000 years) and seldom 
through a process of gradual change. It thus 
questions the traditional Darwinian theory 
of evolution, citing as evidence the disconti- 
nuities observed in the fossil records of cer- 
tain animal groups (c.g. the ammonites). 


Pupa The third Stage of development in the 
life cycle of some insects, During the pupal 
Stage locomotion and feeding cease and 
“metamorphosis from the larva to the adult 
form takes place. There are three types of 
pupa. The commonest is the exarate or free 
pupa, in which the wings and other append- 
ages are visible and movable. In the obtect 
type the wings are stuci 


! k to the body and 
immovable, as in the chrysalis of a butterfly 
or moth; and in the 


co-arctate type an ex. 
arate pupa develops within a hard barrel. 
Shaped puparium, as in the housefly and 
other Diptera. 


pupil See iris. 


pure line A population of Plants or ani- 
mals all having a particular feature that has 
been retained unchanged through many gen- 
erations. The organisms are *homozygous 


and are said to ‘breed true’ for the feature 
concerned. 


purine An organic nitrogenous base, spar- 
ingly soluble in water, that gives rise to a 


ALT 
Nf S c^ 7%, 
| 8CH 


Purine 
group of biologically important derivatives, 
notably *adenine and *guanine, which E 
in *nucleotides and nucleic acids (DNA an 
RNA). 


carnivore III 
(owl) 


carnivore Il 
(shrew) 


carnivore | (ladybird) 


herbivore (aphid) 


7— — — numbers of individuals ———~ 


Pyramid of numbers for a 

woodland food chain 
Pyramid of numbers The numbers of ani- 
mals found in an area at ascending *trophic 
levels of a *food chain. Because only ? 
small proportion of the energy taken in bY 
an organism is converted to tissue and i5 
thus available to consumers at the next 
trophic level, the number of organisms that 
can be supported at cach level is generally 
much less than the number at the level that 
supplies its food (ie. the level below). ^ 
Pyramid of biomass, representing the "bio" 
mass of animals at ascending trophic level 
Shows a smaller decrease at each trophic 
level since the animals at the higher levels 
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are generally larger (although fewer) than 
those at the lower levels. 


Pyrenocarp See drupe. 


VRcnond A spherical protein body found in 
the chloroplasts of many algae. Pyrenoids 
are associated with the storage of starch: 


layers of starch are often found around 
them, 


Pyridoxine See vitamin B complex. 


Pyrimidine 


Score An organic nitrogenous base, 
: gly Soluble in water, that gives rise to 
mU Of biologically important deriva- 
e œ notably *uracil, *thymine, and 
cytosine, which occur in *nucleotides and 
nucleic acids (DNA and RNA). 


Pyruvic acid 
Colourless 
CH, COCOOH, 


(2-oxopropanoic acid) A 
liquid organic acid, 
diate co It is an important interme- 
duce ease in metabolism, being pro- 

luring *glycolysis and converted to 


a 
oa Coenzyme A, required for the *Krebs 


Q 


her An ecological sampling unit con- 
within of a small square area of ground 
h: eet all species of interest are not- 
spaced casurements taken. Quadrats may be 
um Ee a larger area to form an overall 
cable, SNI a total survey would be impracti- 
they may be used to sample along 


^ “transect, 
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RACE 


quadrate A paired bone in the upper jaw 
of bony.fishes, amphibians, reptiles, and 
birds that articulates with the lower 
jawbone. It is absent in mammals, being re- 
duced to a small bone (the incus) in the 
middle ear (see car ossicles). 


qualitative variation See discontinuous va- 
riation. 


quantitative variation See continuous vari- 
ation. 


Quaternary The second period of the Ce- 
nozoic era, which began about 2 million 
years ago, following the *Tertiary period, 
and includes the present. It is subdivided 
into two epochs — the "Pleistocene and 
*Holocene. The beginning of the Quaternary 
is usually based on the onset of a world- 
wide cooling. During the period four princi- 
pal glacial phases occurred in Europe and 
North America, in which ice advanced to- 
wards the equator, separated by interglacials 
during which conditions became warmer 
and the ice sheets and glaciers retreated. 
The last glacial ended about 10000 years 
ago. Man became the dominant terrestrial 
species during the Quaternary. Among the 
fauna adapted to the cold conditions were 
the mammoth and the woolly rhinoceros. 


R 


race 1. (in biology) A category used in the 
*classification of organisms that consists of 
a group of individuals within a species that 
are geographically, ecologically, physiologi- 
cally, or chromosomally distinct from other 
members of the species. The term is fre- 
quently used in the same sense as *subspe- 
cies^ Physiological races, for example, are 
identical in appearance but differ in func- 
tion. They include strains of fungi adapted 
to infect different varieties of the same crop 


RACEME 


species. 2. (in anthropology) A distinct 
human type possessing several characteris- 
“tics that are genetically inherited. The major 
races of man are Mongoloid, Caucasian, 
“Negroid, and Australoid. 


raceme A type of *racemose inflorescence 
in which the main flower stalk is elongated 
and bears stalked flowers. An example is 
the lupin. See also panicle. 


racemose inflorescence (indefinite inflo- 


Spike 


raceme 
le.g. plantain) 


(e.g. lupin) 


umbel 
(e.g. hogweed) 


1= oldest flower 


rescence) A type of flowering shoot (see 
inflorescence) in which the growing region 
at the tip of the flower stalk continues to 
Produce new flower buds during growth. AS 
a result, the youngest flowers are at the top 
and the oldest flowers are at the base of the 
stalk. In a flattened inflorescence, the 
youngest flowers ure in the centre and the 
oldest flowers are on the outside. Types of 
racemose inflorescence include the *capitu- 
lum, *catkin, *corymb, *raceme, *spadis. 


1'98 du ts? NE 
S 6 
5 
5 
4 D 
4 
3 
3 
2 2 
1 T3 


eorymb 
(e.g. candytuft) 


45543 


capitulum 
(e.g. daisy) 


Types of Tacemose inflorescence 
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"spike, and *umbel. Compare cymosc inflo- 
rescence. 


Tachis (rhachis) 1. The main axis of a 
compound leaf or an inflorescence. 2. The 
Shaft of a *feather. 3. The backbone. 


rad See radiation units. 


ires ctl The ara of parts 
or organism that cutti 

through the centre of the structure in zy 
direction Produces two halves that are mir- 
Tor images of each other. The stems and 
Toots of plants usually show radial symme- 
an while all animals belonging. to the 

lenterata (e.g. jellyfish) and Echi- 
Dodermata (eg. starfish) are radially sym- 
metrical —and typically sessile — in their 
Adult form. The term actinomorphy is used 
to describe radial symmetry in flowers (eg. 
a buttercup flower). Compare bilateral sym- 


radiation damage Harmful changes that 
Occur to inanimate materials and living or- 


Banisms as a result of exposure to energetic ` 


electrons, nucleons, fission fragments, or 
gh-energy electromagnetic radiation. In or- 
iaa this can cause changes to cells that 
‘hee fas Benetic structure, interfere with 
vision, or kill them. In humans, these 
ia pu can lead to radiation sickness, radia- 
te (from large doses of radiation), or 
Ds ng-term damage of several kinds, the 
fon, Serious of which result im various 
ms of cancer (especially leukaemia). 


eon Units Units of measurement used 
the ress the activity of a radionuclide and 
Ed dose of ionizing radiation. The units 
am €, roentgen, rad, and rem are not coher- 
CRUS SI units but their temporary use 
hs SI units has been approved while the 
“tived SI units becquerel, gray, and sievert 
e familiar. 

wy, beaver! (Bq), the SI unit of activi- 
€ activity of a radionuclide decaying 


RADIOACTIVE AGE 


at a rate, on average, of one spontaneous 
nuclear transition per second. Thus 1 Bq = 
1 s`} The former unit, the curie (Ci), is 
equal to 3.7 x 10'° Bq. The curie was 
originally chosen to approximate the activity 
of 1 gram of radium—226. ` 

The gray (Gy), the SI unit of absorbed 
dose, is the absorbed dose when the energy 
per unit mass imparted to matter by ioniz- 
ing radiation is 1 joule per kilogram. The 
former unit, the rad (rd), is equal to 107? 
Gy. 

The sievert (Sv), the SI unit of dose 
equivalent, is the dose equivalent when the 
absorbed dose of ionizing radiation multi- 
plied by the stipulated dimensionless factors 
is 1 Jkg- '. As different types of radiation 
cause different effects in biological tissue a 
weighted absorbed dose, called the dose 


` equivalent, is used in which the absorbed 


dose is modified by multiplying it by 
dimensionless factors stipulated by the In- 
ternational Commission on Radiological 
Protection. The former unit of dose equiva- 
lent the rem (originally an acronym for 
roentgen equivalent man), is equal to 10~? 
Sv. 

In SI units, exposure to ionizing radiation 
is expressed in coulombs per kilogram, the 
quantity of X- or-gamma-radiation that pro- 
duces ion pairs carrying 1 coulomb of 
charge of either sign in 1 kilogram of pure 
dry air. The former unit, the roentgen R), 
is equal to 258 x 107 * Ckg 


radicle The part of a plant embryo that de- 
velops into the root system. The tip of the 
dicle is protected by a root cap and 
points towards the micropyle. On germina- 
tion it breaks through the testa and grows 
down into the soil. Compare plumule. 


RADIOACTIVE TRACING 
radioactive tracing See labelling. 


radioactive waste (nuclear waste) Any 
waste material that contains radionuclides 
(radioactive atomic nuclei), These wastes are 
produced in the mining of radioactive ores, 
the normal running of nuclear power sta- 
tions and other reactors, the manufacture of 
nuclear weapons, and in research laborato- 
ries. Because high-level radioactive wastes 
can be extremely dangerous to all living 
matter and because they may contain ra- 
dionuclides having half-lives of many 
thousands of years, their disposal has to be 
controlled with great stringency. 

The first stage in disposal involves exten- 
sive reprocessing to retrieve usable material 
and reduce the activity of the waste. Subse- 
quent final disposal, usually of solid materi- 
al in strong metal canisters, involves burial 
of the material. The two currently favoured 
categories of sites for burial are deep (600 
metres) mined cavities in stable geological 
formations on land and in red clay some 
50-100 metres below the seabed away from 
tectonic plate margins and where the cur- 
Tents at the bottom of the Sea are weak. 


radiobiology The branch of biology con- 
cerned with the effects of radioactive sub- 
stances- on living organisms and the use of 


radioactive tracers to study metabolic pro- 
cesses (see labelling), 


radiography The process or technique of 
producing images of an Opaque object on 
photographic "film or on a fluorescent screen 
by means of radiation (either particles or 
electromagnetic waves of short wavelength, 
such as X-rays and gamma-rays). The pho- 
tograph produced is called a radiograph. The 
process is widely used in diagnostic *radiol- 
ogy, using X-rays. See also autoradiography, 


NES An 
radioisotope (radioactive isotope) L 
isotope of an element that is radioactive. 
See labelling. 


radiology The study and use of X-rays, Ta 
dioactive materials, and other ionizing ni 
tions for medical purposes, especially pd 
agnosis (diagnostic radiology) - and j 
treatment of cancer and allied diseases (ra 
diotherapy). 


radiometric dating (radioactive dating) 
See dating techniques; radioactive age. 


radio-opaque Describing a medium that 1$ 
Opaque to X-rays and gamma rays. PA 
ples are barium salts, used in diagnostic 
diology of the digestive tract. 


radiotherapy See radiology. 


radius (in anatomy) The smaller of the two 
bones in the lower section of the fo 
of a tetrapod vertebrate (compare ulna). 5 
radius articulates with some carpal irc 
and the ulna at the wrist and with the “2! 
merus at the elbow. This sophisticated artic 
ulation of the radius enables man ( 
some other animals) to twist the forearm 
(see pronation; supination). 


radula A tonguelike organ of molluscs, a 
sisting of a horny strip whose surface 
Studded with rows of homy teeth for 1057” 
ing food. In some species it is modified 
scraping or boring. 


T.3.m. See relative atomic mass. 


Ramapithecus A genus of extinct pie 
that lived between 8 and 14 million Y 5 
ago. Fossil remains of ramapithecines ba" 
been found in India and Pakistan, the No 
East, and East Africa. Jaw fragments 9! 
Best that they chewed from side to side #96 
had fairly short muzzles, both of which #7 
humanoid features. They were possibly, — 
earliest representatives of the hominid 


after this split from the pongids (apes) dur- 
ing the Miocene. See also Dryopithecus; Aus- 
tralopithecus. 


mk (category) The position or status of 

em a *classification hierarchy. Ex- 
es of ranks are the famil 

Species, E iE 


uie ^ group comprising the flightless 
T » including the ostrich, kiwi, and emu. 
He have long legs, heavy bones, small 
Te i flat breastbone, and curly feathers. 
E irds are thought to have descended 
d e of flying birds and are not 
Bee es of a single homologous 


E 1. (in optics) A narrow beam of radia- 

Or an idealized representation of such a 

te a a ray diagram, which can be used 

ia cate the positions of the object and 

da Š in a system of lenses or mirrors. 2. 
tany) See medullary ray. 


neeme (latent period) The period 
WA tween the detection of a stimulus 
of the rand receptor and the performance 
organ ween response by the effector 
ie us delay is caused by the time tak- 
Synapses e impulse to travel across the 
des of adjacent neurones. The reaction 
single i ii reflex response, involving only a 
ing synapse, is very short. 


Recent See Holocene. 


n 
BS Fade 1. (thalamus or torus) The tip 
Pals, s Wer stalk, which bears the petals, se- 
CEU and carpels. The way the re- 
= Fees determines the position of 
dome shaa parts. It can be dilated and 
enclosin ped, saucer-shaped, or hollow and 
may oe gynaecium. In some plants it 
carp), 2. me part of the fruit (see pseudo- 
tome al A swollen part of the thallus of 
Bae, e.g. Fucus, that bears the con- 


RECOMBINATION 


ceptacles in which the sex organs are situat- 
ed. 


receptor (in physiology) A cell or group of 
cells specialized to detect a particular stimu- 
lus and to initiate the transmission of im- 
pulses via the sensory nerves. The eyes, ears, 
nose, skin, and other sense organs all con- 
tain specific receptors responding to external 
stimuli; other receptors are sensitive to 
changes within the body. See also 
baroreceptor; chemoreceptor; mecha- 
noreceptor; proprioceptor. 


recessive The *allele that does not function 
when two different alleles are present in the 
cells of an organism. The aspect of a char- 
acteristic controlled by a recessive allele 
only appears when two such alleles are pre- 
sent, ic. in the double recessive condition. 
Compare dominant. 


recipient An individual who receives tissues 
or organs of the body from another (the 
*donor). 


reciprocal cross A “cross reversing the 
roles of males and females to confirm the 
results obtained from an earlier cross. For 
example, if the pollen (male) from tall 
plants is transferred to the stigmas (female) 
of dwarf plants in one cross, the reciprocal 
cross would use the pollen of dwarf plants 
1o pollinate the stigmas of tall plants. 


recombinant DNA DNA that contains 
genes from different sources that have been 
combined by the techniques of *genetic en- 
gincering rather than by breeding experi- 
ments. Genetic engineering is therefore also 
known as recombinant DNA technology. 


recombination The rearrangement of genes 
that occurs when reproductive cells (ga- 
metes) are formed (see crossing over). Re- 
combination results in offspring that have a 
combination of characteristics different from 
that of their parents. 


RECTUM 


rectum The portion of the *alimentary ca- 
nal between the *colon and thc *anus. Its 
main function is the storage of *faeces prior 
fo elimination. 

red algae See Rhodophyta. 

red blood cell See erythrocyte. 
reduction See oxidation— reduction. 
reflex An automatic and innate response to 
a particular stimulus, such as withdrawal of 
the hand from a painful stimulus (such as 
fire). A reflex response is extremely rapid. 
This is because it is mediated by a simple 
nervous circuit called a reflex arc, which at 


Plete plant from a shoot segment or a single 
basis of many horticul- 


and amphibians can grow new limbs or tails 
(see autotomy), but in mammals regenera- 
tion is largely restricted to wound healing. 


particular behaviour through °conditioning, 
by arranging for some biologically impor- 
tant event (the reinforcer) always to follow 
another event. In instrumental conditioning 
an appetitive reinforcer, or reward (e.g. food), 
given after a response made by the animal, 
increases that response; an aversive reinforc- 
er, or punishment (e.g. an electric shock) de- 
creases the response. 


relative atomic {atomic weight; 
Tam.) Symbol A,. The ratio of the average 
mass per atom of the naturally occurring 
form of an element to 1/12 of the mass of 
a carbon- 12 atom. 


relative density (r.d) The ratio of the 
density of a substance to the density of 
some reference substance. For liquids Of 
solids it is the ratio of the density (usually 
at 20°C) to the density of water (at its max- 
imum density. This quantity was f 

called specific gravity. 


relative molecular mass (molecular 
weight) Symbol M,. The ratio of the avet- 
age mass per molecule of the naturally 0% 
curring form of an element or compound to 
1/12 of the mass. of a carbon- 12 atom. It 
is equal to the sum of the relative atomic 
masses of all the atoms that comprise £ 
molecule. ë 


releaser See sign stimulus. 
rem See radiation units. 


remmin An enzyme secreted by cells lining 
the stomach in mammals that is responsible 
for clotting milk. It acts on a soluble sik 
Protein (caseinogen), which it converts to th? 
insoluble form *casein. This ensures tbat 
milk remains in the stomach long enough !^ 
be acted on by protein-digesting enzymes. 


Teplacing bone See cartilage bone. 
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reproduction The production of new indi- 
viduals more or less similar in form to the 
Parent organisms. This may be achieved by 
a number of means (see sexual reproduc- 
tion; asexual reproduction) and serves to 
Perpetuate or increase a species. 


Reptilia The class that contains the first 
entirely terrestrial vertebrates, which can 
live in dry terrestrial habitats as their skin 
IS covered by a layer of horny scales, 
Preventing water loss. They breathe atmos- 
piste Oxygen by means of lungs assisted by 
(EM movements principally involving 
i Tibs (there is no diaphragm). Reptiles 
is cold-blooded (see poikilothermy) but 
fal patterns make it possible for 
due ruinam a fairly even body temper- 
E roughout the day. Fertilization is in- 
i p the majority of reptiles lay eggs 
ovde These eggs have a porous ‘shell to 
he * protection from desiccation and al- 
ae PRECIO In some reptiles the eggs 
ul acus within the body of the mother 
ER c young are ready to hatch, thereby 
"y reducing juvenile mortality (see 
©Voviviparity), 
Es Class includes the modern crocodiles, 
ER S and snakes (see Squamata), and tor- 
"Ses and turtles, as well as many extinct 


f 
Orms, such as the *dinosaurs and *Pter- 
Osauria, 


ee as naturally occurring acidic polymer 
Ra by many trees (especially conifers) 
ES “ucts or canals. Resins are found either 
mie rittlé glassy substances or dissolved in 
“sential oils. Their functions are probably 


s 
imilar to those of gums and mucilages, i.c. 
Protective. 


or Diving. power A measure of the ability 
En Optical instrument to form separable 
a MUS 9f close objects or to separate close 
EEUU of radiation. The resolving 
i „Of a microscope is usually taken as 
minimum distance between two points 
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RESPIRATORY MOVEMENT 


that can be separated; the smaller the ` 
resolving power, the better the resolution. 


respiration The metabolic process in ani- 
mals and plants in which organic substances 
are broken down to simpler products with 
the release of energy, which is incorporated 
into special energy-carrying molecules (see 
ATP) and subsequently used for other meta- 
bolic processes. In most plants and animals 
respiration requires oxygen, and carbon di- 
oxide is an end product. The exchange of 
oxygen and carbon dioxide between the 
body tissues and the environment is called 
external respiration. In many animals the ex- 
change of gases takes place at *respiratory 
organs (eg. "lungs in air-breathing 
vertebrates) and is assisted by “respiratory 
movements (e.g. breathing). In plants oxy- 
gen enters through pores on the plant sur- 
face and diffuses through the tissues via in- 
tercellular spaces or dissolved in tissue 
fluids. 

Respiration at the cellular level is known 
as internal (or tissue) respiration and can be 
divided into two stages. In the first, *glycol- 
ysis, glucose is broken down to pyruvate. 
This does not require oxygen and is a form 
of ‘anaerobic respiration. In the second 
stage, the *Krebs cycle, pyruvate is broken 
down by a cyclic series of reactions to car- 
bon dioxide and water. This is the main en- 
ergy-yielding stage and requires oxygen. The 
processes of glycolysis and the Krebs cycle 
are common to all plants and animals that 
respire aerobically (see aerobic respiration). 


respiratory chain See clectron transport 
chain. 


iratory movement The muscular 
movement that enables the passage of air to 
and from the lungs or other "respiratory or- 
gans of an animal. The mechanism of the 
movement varies with the species. In insects 
abdominal muscles relax and contract rhyth- 
mically to encourage the flow of air through 
the *tracheac. In amphibians air is drawn 


RESPIRATORY ORGAN 


into the lungs by a pumping action of the 
muscles in the floor of the mouth. Breathing 
in mammals involves the muscle of the *di- 
aphragm and the “intercostal muscles be- 
tween the ribs. Contraction of these muscles 
lowers the diaphragm and raises the ribs, so 
that the lungs expand and air is drawn in. 
Relaxation has the opposite effect and 
forces air out during exhalation. 


Tespiratory organ Any animal organ 
across which exchange of carbon dioxide 
and oxygen takes place. The surface mem- 
branes of such Organs are always moist, 
thin, and well-supplied with blood. Exam- 
ples are the “lungs of air-breathing 
vertebrates, the *gills of fish, and the 
*tracheae of insects. 


respiratory pigment A coloured com- 
pound that is capable of reversibly binding 
with oxygen at high oxygen concentrations 
and releasing it at low oxygen concentra- 
tions. Such Pigments are Present in the 
blood, transporting oxygen within the circu- 
latory system from the *respiratory organs 
to the tissues of the body. In vertebrates the 
Tespiratory pigment is “haemoglobin, con- 
tained in the erythrocytes (red blood cells). 


Tespiratory quotient (RQ) The ratio of 
the volume of carbon dioxide Produced by 
an organism during respiration to theyol- 


ume of oxygen consumed. The RQ i t 
ly about 0.8. esitsual 


Tesponse The physiological, muscular, or 
behavioural activity that can be elicited by a 
"stimulus, 


resting potential The difference in electri- 
cal potential that exists across the mem- 
brane of a nerve cell that is not in the pro- 
cess of transmitting a nerve impulse. The 
resting potential is maintained by means of 
the *sodium pump. Compare action poten- 
tial. 


restriction enzyme (restriction em- 
donuclease) A type of enzyme that can 
cleave molecules of foreign *DNA. Restric- 
tion enzymes are produced by many bacte- 
ria and protect the cell by cleaving (and 
therefore destroying) the DNA of invading 
viruses. The bacterial cell is protected from 
attack by its own restriction enzymes by 
modifying the bascs of its DNA during rep- 
lication. Restriction enzymes are widely 
used in the techniques of *genetic engineet- 
ing. 


retina The light-sensitive membrane that 
lines the interior of the eye. The retina con- 
sists of two layers. The inner layer eu 
nerve cells, blood vessels, and two types ?' 
light-sensitive cells (*rods and *cones). do 
outer layer is pigmented, which prevents p 
back reflection of light and consequent de 
crease in visual acuity. Light passing 
through the lens stimulates individual rods 
and cones, which generates nerve impulses 
that are transmitted through the optic nerve 
to the brain, where the visual image !5 
formed. 


Tetinol See vitamin A. 


retrovirus An RNA-containing virus thal 
causes cancer in animals. Retroviruses E 
tain oncogenes (cancer-causing genes} fs 
Oncogenic), which are activated when the V 


Tus enters its host cell and starts to repli: 
cate. 


thachis See rachis. 


rhesus factor (Rh factor) An "antige? 
Whose presence or absence on the surface © 
Ted blood cells forms the basis of the rhesi 
“blood group system. (The factor was E 
recognized in rhesus monkeys.) Most od 
Possess the Rh factor, ie, they are rhes% 
Positive (Rh+). People who lack the a 
are Rh-. If Rh+ blood is given t0 
Rh- patient, the latter develops anti- if 
antibodies. Subsequent transfusion of Rh 


blood results in *agglutination, with serious 
consequences. Similarly, an Rh- pregnant 
woman carrying an Rh+ fetus may develop 
anti-Rh antibodies in her blood; these will 
Teact with the blood of a subsequent Rh+ 
fetus, causing anaemia in the newborn baby. 


REO One of a group of delicate and of- 
en colourless hairlike outgrowths found in 
Certain algae and the gametophyte genera- 
ee of bryophytes and some pteridophytes. 

ey anchor the plant to the substrate and 
absorb water and mineral salts. 


rhizome A horizontal underground stem. It 
enables the plant to survive from one grow- 
ing season to the next and in some species 
ae Serves to propagate the plant vegeta- 

ely. It may be thin and wiry, as in couch 
ow or fleshy and swollen, as in Jris. 

mpact upright underground stems, as in 
thubarb, strawberry, and primrose, are often 
called rootstocks. 


Rhodophyta (red algae) A division of *al- 
t that are often pink or red in colour due 
Bá he presence of the pigments phycocyanin 
Rh phycoerythrin. Members of the 
i Sen may be unicellular or multicel- 
filan, forming branched flattened thalli or 
Us ents. They are commonly found along 
Coasts of tropical areas. 


Thodopsin (visual purple) The light-sensi- 
heb pigment found in the *rods of the ver- 
a Tate retina, Light falling on the rod 
ENS ,3 chemical change in rhodopsin, 
i initiates the transmission of a nerve 
impulse to the brain, The great sensitivity of 
Thodopsin allows vision in dim light (night 
vision). 


rhombencephalon See hindbrain. 
thytidome See bark. 


Hs One of a series of slender curved bones 
t form a cage to enclose, support, and 
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RINGER'S SOLUTION 


protect the heart and lungs (see thorax). 
Ribs occur in pairs, articulating with the 
"thoracic vertebrae of the spinal column at 
the back and (in reptiles, birds, and mam- 
mals) with the *sternum (breastbone) in 
front. Movements of the rib cage, controlled 
by intercostal muscles between the ribs, are 
important in breathing (see respiratory 
movement). 


riboflavin See vitamin B complex. 
ribonucleic acid See RNA. 


ribose A ‘monosaccharide, C, H, Os, rare- 
ly occurring free in nature but important as 
a component of *RNA (ribonucleic acid). 
Its derivative deoxyribose, CgHjoO4, is 
equally important as à constituent of *DNA 
(deoxyribonucleic acid), which carries the 
genetic code in chromosomes. 


ribosomal RNA See ribosome; RNA. 


ribosome A small spherical body within a 
living cell that is the site of “protein synthe- 
sis. Ribosomes consist of a type of RNA 
(called ribosomal RNA) and protein. Usually 
there are many ribosomes in a cell, either 
attached to the *endoplasmic reticulum or 
free in the cytoplasm. During protein syn-` 
thesis they are associated with messenger 
RNA in the process of “translation. 


rickettsia A very small rod-shaped non- 
motile microorganism that resembles à bac- 
terium in its cellular structure and method 
of asexual reproduction but, like a virus, is 
totally parasitic, being unable to reproduce 
outside the cells of its host. Rickettsiae can 
infect such arthropods as ticks, fleas, lice, 
and mites, through which they can be trans- 
mitted to vertebrates, including man. The 
group includes the causal agents of trench 
fever, Rocky Mountain spotted fever, and 
forms of typhus. 


Ringer’s solution See physiological saline. 


RITUALIZATION 


ritualization An evolutionary process in 
which the form or context of an action is 
altered because it comes to play a role in 
social communication. For example, many 
“courtship and greeting ceremonies in ani- 
mals include ritual food presentation, 
derived from the' action of feeding the 
young. 


RNA (ribonucleic acid) A complex organ- 


ic compound (a nucleic acid) in living cells 
that is concerned with *protein synthesis. In 
some viruses, RNA is also the hereditary 
material. Most RNA is synthesized in the 
nucleus and then distributed to various 
Parts of the cytoplasm. An RNA molecule 
consists of a long chain of *nucleotides in 
which the sugar is *ribose and the bases are 
adenine, cytosine, guanine, and uracil (com- 
pare DNA). Messenger RNA (mRNA) is re- 


—y— nucleotide 


ribose 


bases 


OH OH 
Detail of molecular structure of sugar- 
Phosphate backbone. Each ribose unit is 
attached to a Phosphate group and a base, 
forming a nucleotide 


| i 
adenine XN. Cr N. c 
Wink li a "dnd ji 
[s 
CH 
N^ WA guanine Ny Cs Cs yh. 
GO H 
NH; S 
€, I 
HC^ “Sy C 
lí b ine HC^ SNH uracil 
"Ma ^N So 
The four bases of RNA 


Molecular Structure of RNA 
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iS carrying the ‘genetic code 
EM from DNA to specialized sites 
a pie cell (known as *ribosomes), 
E ie information is translated into pro- 
s position (see transcription; transla- 
qd ibosomal RNA (rRNA) is present in 
Nm it is single-stranded but helical 
iim are formed by *base pairing within 
AA cu Transfer RNA (tRNA, soluble 
ante E " ) às involved in the assembly of 
etd ur in a protein chain being syn- 
ifc for a ribosome. Each tRNA is spe- 
ai ies, amino acid and bears a triplet 
mRNA (i; eae N with a triplet on 


Tod i 
ae type of light-sensitive receptor cell 
in the retinas of vertebrates. Rods 


Contai; i 
ain the pigment *rhodopsin and are es- ` 


Suv A Vision in dim light. They are not 

CE ee on the retina, being ab- 

mol e "fovea and occupying all of the 
margin. Compare cone. 


R s, 
SISA An order of mammals character- 
etd nde Pair-of long curved incisors 
manaa to cee ee oe 
ifs and m continue growing throughout 
that diy Ne enamel only on the front so 
ed, ear to a chisel-shaped cutting 
year 
Em "ae xd large numbers of quickly 
REN ie The order includes the 
» beavers, rats, mice, and porcupines. 


Toeni 
EA (m The former unit of dose equiva- 
See radiation units). It is named after 


€ discoye 
[siege orem UM 


Toot 1, G 
- (in botany) The part of a vascular 


Plant 
ae eee beneath the soil surface in 
Mara eai and water. It anchors 
ineral satts ES soil and absorbs water and 
Ces leaves nlike the stem, it never pro- 
contains enn buds, or flowers and never 
ic toot) m. orophyll. The *radicle (embryon- 
ay give rise either to a rap root 


ge. 
Rodents often breed throughout the | 
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ROOT 


piliferous 
layer 


Section through the tip of a plant root 


system with a single main fap root from 
which lateral roots develop, or a fibrous root 
system, with many roots of equal size. The 
*apical meristem at the root tip gives rise to 
a protective sheath, the *root cap, and to 
the primary tissues of the root. The vascular 
tissues usually form a central core. This dis- 
tinguishes roots from stems, in which the 
vascular tissue often forms a ring. A short 
distance behind the root tip root hairs devel- 
op from the epidermis and greatly increase 
the surface area for the absorption of water 
and minerals. Beyond this region lateral 
roots develop. 1 

Roots may be modified in various ways. 
Some are swollen with food to survive the 
winter, as in the carrot. Certain plants, such 
as orchids, have absorptive aerial roots; 
others, such as ivy, have short clasping 
roots for climbing. The roots of leguminous 
plants, such as beans and peas, contain 
nodules due to the presence of symbiotic 
bacteria that fix free nitrogen from the soil 
(see nitrogen fixation). Other modifications 
include *prop roots, stilt roots, and buttress 
roots, which support the plant. 
2. (in dentistry) The portion of a *tooth 
that is not covered with enamel and is em- 
bedded in a socket in the jawbone. Incisors, 
canines, and premolars have single roots; 
molars normally have several roots. 


ROOT CAP 


3. (in anatomy) The point of origin of a 
nerve in the central nervous system. There 
are two roots for every *spinal nerve, a dor- 
sal and a ventral root. 


root cap (calyptra) A cone-shaped struc- 
ture that covers the root tip and develops as 
a result of cell division by a meristem at the 
root apex (see calyptrogen). It protects the 
root tip as it grows between the sóil parti- 
cles. The cells are constantly worn away by 
friction and are replaced by the meristem. 


rootstock See rhizome. 


roundworms See Nematoda. 


rubidium—strontium dating A method of 
dating geological specimens based on the 
decay of the radioisotope rubidium-87 into 
the stable isotope strontium—87. Natural ru- 
bidium contains 27.85% of rubidium-87, 
which has a half-life of 4.7 x 10!! years. 
The ratio *7Rb/*7Sr in a specimen gives an 
estimate of its age (up ‘to several thousand 
million years). 


Ruminantia A suborder of hooved mam- 
mals (see Artiodactyla) comprising the 
sheep, cattle, goats, deer, and antelopes. 
They are characterized by a four-chambered 
stomach, the first párt of which is the ru- 
men, which contains microorganisms that 
break down cellulose. Food is temporarily 
Stored in the rumen, then regurgitated and 
chewed to a pulp before being swallowed 
and passed to the rest of the stomach where 
digestion is continued. 


runner A stem that grows horizontally 
along the soil surface and gives rise to new 
plants either from axillary or terminal buds, 
Runners are seen in the creeping buttercup 
and the strawberry. Offsets, e.g. those of the 
houseleek, are short runners, 


rusts A group of parasitic fungi belonging 
to the *Basidiomycetes. Many of these spe- 


cies attack the leaves and stems of cereal 
crops: characteristic rust-coloured streaks of 
spores appear on infected plants. The life 
cycles of some rusts may be complex; many 
form a number of different types of spore 
and some require two different host plants. 
Compare smuts. 


S 


saccharide See sugar. 
saccharose See sucrose. 


sacculus (saccule) A chamber of the *in- 
ner ear from which the *cochlea arises in 
reptiles, birds, and mammals. It bears 
patches of sensory epithelium concerned 
with balance (see macula). 


sacral vertebrae The vertebrae that lie be- 
tween the lumbar and the caudal vertebrae 
in the *vertebral column. The function of 
the sacral vertebrae is to articulate securely 
with the *pelvic girdle, and they are usually 
fused to form a single bone (the sacrum) tO 
Provide a firm support. The number of sê- 
cral vertebrae varies from animal to animal. 
Amphibians have a single sacral vertebra. 
reptiles have two, and mammals have three 
or more. 


safranin A stain used in optical microscopy 
that colours lignified tissues, cutinized tis- 
sues, and nuclei red and chloroplasts pink. 
It is used mainly for plant tissues, in con- 
junction with a green or blue counterstain. 


salicylic acid (1-hydroxybenzoic acid) ^ 
naturally occurring carboxylic acid, 
HOC, H,COOH, found in certain plants. It 
is used in making aspirin and in the food- 
stuffs and dyestuffs industries. 
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mute Describing a chemical compound 
A is a salt, or a solution containing a 
salt. See also physiological saline. 


saliva A watery fluid secreted by the *sali- 
no nde in the mouth. Production of sa- 
mA is stimulated by the presence of food in 
En and also by the smell or thought 
Rie meats contains mucin, which lubri- 
Sr and eases its passage into the oe- 
3 p! agus, and in some animals the enzyme 
TA gien begins the digestion of 
fs “i e saliva of insects is rich in diges- 
ds nzymes, and that of bloodsucking ani- 
als contains an anticoagulant. 


at glands Glands in many terrestrial 
= ET that secrete *saliva into the mouth. 
es are three pairs: the sublingual, 
ina ibular, and the submaxillary glands. 
ee Ed gland cells of some insect lar- 
PNE ue giant (polytene) chromosomes, 
ean widely used in the study of genet- 
Protein synthesis. 


AR E dry single-seeded indehiscent 

io which the fruit wall hardens and ex- 

sees form a long membranous winglike 

BN re that aids dispersal. Examples are 

SS elm fruits. The sycamore fruit is à 

a samara and technically a *schizo- 
Tp. See also achene. 


ce The selection of small groups of 
lies in o represent a large number of enti- 
UNT In random sampling each 
Canet Of a population has an equal 
ple, In Of being selected as part of the sam- 
uos EUR random sampling, the popu- 
n Sid divided into strata, each of which 
the diff mly sampled and the samples from 
Samp, a strata are pooled. In systematic 
uo individuals are chosen at fixed in- 
Population. example, every tenth animal in à 
each ER In sampling with replacement, 
the n ividual chosen is replaced before 
ext selection is made. 
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SCALES 


saprophyte Any plant or microorganism 
that feeds by absorbing dead organic mat- 
ter. Most saprophytes are bacteria and fun- 
gi; the term saprobe is frequently used to 
indicate saprophytic fungi. Saprophytes are 
important in *food chains as they bring 
about decay and release nutrients for plant 
growth. Compare parasitism. 


sapwood (alburnum) The outer wood of a 
tree trunk or branch. It consists of living 
*xylem cells, which both conduct water and 
provide structural support. Compare heart- 
wood. 


satellite DNA A portion of the *DNA in 
plant and animal cells that consists of re- 
peating sequences of ‘nucleotides. Some 
30% of human DNA consists of such satel- 
lite regions. They do not appear to form 
part of any “genes but their function is un- 
clear. The term is sometimes applied to 
DNA other than that found in the cell nu- 
cleus, in particular mitochondrial DNA, 
which differs in its density. 


scales The small bony or homy plates 
forming the body covering of fish and rep- 
tiles. The wings of some insects, €. the 
Lepidoptera (butterflies and moths) are 
covered with tiny scales that are modified 
cuticular hairs. 

In fish there are three types of scales. 
Placoid scales (denticles), characteristic of 
cartilaginous fish, are small and toothlike, 
with a projecting spine and a flattened base 
embedded in the skin. They are made of 
*dentine, have a pulp cavity, and the spine 
is covered with a layer of enamel. Teeth are 
probably modified placoid scales. Cosmoid 
scales, characteristic of lungfish and coela- 
canths, have an outer layer of hard cosmin 
(similar to dentine) covered by modified en- 
amel (ganoine) and inner layers of bone. 


The scale grows by adding to the inner lay- 
er Only. In modern lungfish the scales are 
reduced to large bony plates. Ganoid scales 
are characteristic of primitive ray-finned 


SCANNING ELECTRON MICROSCOPE 


fishes, such as sturgeons. They are similar 
to cosmoid scales but have a much thicker 
layer of ganoine and grow by the addition 


* of material all round. The scales of modern 


teleost fish are reduced to thin bony plates. 

In reptiles there are two types of scales: 
horny epidermal corneoscutes sometimes 
fused with underlying bony dermal osteos- 
cutes. 


scanning electron microscope See clec- 
tron microscope. 


scapula (shoulder blade) The largest of 
the bones that make up each half of the 
*pectoral (shoulder) girdle. It is a flat trian- 
gular bone, providing anchorage for the 
muscles of the forelimb and an articulation 
for the *humerus at the *glenoid cavity. It 


is joined to the *clavicle (collar bone) in 
front. 


Schiff's reagent A reagent used for testing 
for aldehydes and ketones; it consists of a 
solution of fuchsin dye that has been decol- 
orized by sulphur dioxide. Aliphatic al- 
dehydes restore the pink immediately, 
whereas aromatic ketones have no effect on 
the reagent. Aromatic aldehydes and ali- 
phatic ketones restore the colour slowly. It 
is named after the German chemist Hugo 
Schiff (1834—1915). 2 

schizocarp A dry indehiscent fruit formed 
from carpels that develop into separate one- 


, Seeded fragments called mericarps, which 


may be dehiscent, as in the *regma, or inde- 


hiscent, as in the *cremocarp and *carceru- 
lus. 


schizogeny The localized separation of 
plant cells to form a cavity (surrounded by 
the intact cells) in which secretions accumu- 
late. Examples are the resin canals of some 
conifers and the oil ducts of caraway and 
aniseed fruits. Compare lysigeny. 
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Schwann cell A cell that forms the *mye 
lin sheath of a nerve fibre. Each cell is te 
sponsible for a single length. of the fibre 
(called an internode); adjacent intemal 
separated by small gaps (nodes of. Ra Sa 
During its development the cell wraps ! : 
around the fibre, so the sheath consists © 
concentric layers of Schwann cell m 
brane. These cells are named after the Ger- 
man anatomist T. Schwann (1810-82). 


scion See graft. 
sclera See sclerotic. 


scleroprotein Any of a group of pla 
found in the exoskeletons of some a 
vertebrates, notably insects. Selerop a 
are formed by conversion of the ied 
soft elastic larval protein by a nature ined 
ning process (sclerotization) involving on 
quinones. These are secreted and form cs 
linkages between polypeptides of the P 
teins, producing a hard rigid covering- 


en 
sclerotic (sclera) The tough external n i 
of the vertebrate eye. At the front M. 
eye, the sclera is modified to form the 
nea. 


scorpions See Arachnida. 


scotopic vision The type of vision that M 
curs when the rods in the eye are ines, 
cipal receptors, i.e. when the level of i ais 
nation is low. With scotopic vision CO. 
cannot be identified. Compare photoPl- 
sion. 


scrotum The sac of skin and tissue oe 
contains and supports the ‘testes in body 
mammals. It is situated outside the at 
cavity and allows the testes to develop iy 
the optimum temperature, which is sligh! 
lower than body temperature. 


seaweeds Large multicellular "algae b 
in the sea or in the intertidal zone. TheY 


commonly species of the *Chlorophyta, 
*Phaeophyta, and *Rhodophyta. 


sebaceous gland A small gland occurring 
in mammalian *skin. Its duct opens into a 
hair follicle, through which it discharges 
*sebum onto the skin surface. 


sebüm The substance secreted by “seba- 
ceous glands onto the surface of the *skin. 
It is a fatty mildly antiseptic material that 
Protects, lubricates, and waterproofs the 
skin and hair and helps prevent desiccation. 


secondary growth (secondary thicken- 
ing) The increase in thickness of plant 
shoots and roots through the activities of 
the vascular *cambium and *cork cambium. 
It is seen in most dicotyledons and gymno- 
sperms but not in monocotyledons. The tis- 
Sues produced by secondary growth arc 
Called secondary tissues and the resultant 
plant or plant part is the secondary plant 
body. Compare primary growth. 


secondary sexual characteristics External 
features of a sexually mature animal that, 
although not directly involved in copulation, 
are significant in reproductive behaviour. 
The development of such features is con- 
trolled by sex hormones (androgens or oes- 
trogens); they may be seasonal (e.g. the ant- 
lers of male deer or the body colour of 
male sticklebacks) or permanent (c.g. breasts 
in women or facial hair in men). 


Secondary thickening See 
growth. 


secondary 


Secretin A hormone produced by the ante- 
rior part of the small intestine (the *duode- 
num and *jejunum) in response to the pres- 
pe of hydrochloric acid from the stomach. 
t causes the pancreas to secrete alkaline 
Pancreatic juice and stimulates bile produc- 
ion in the liver. Secretin, whose function 
Was first demonstrated in 1902, was the first 
Substance to be described as a hormone. 


SEED PLANTS 


secretion The manufacture and discharge 
of specific substances into the external me- 
dium by cells in living organisms. (The sub- 
stance secreted is also called the secretion.) 
Secretory cells are often specialized and or- 
ganized in groups to form *glands. The sub- 
stances produced may be released directly 
into the blood (endocrine secretion; see en- 
docrine gland) or through a duct (exocrine 
secretion; see exocrine gland). Secretions can 
be classified according to the manner of 
their discharge. Merocrine (eccrine) secretion 
occurs without the secretory cells sustaining 
any permanent change; in apocrine secretion 
the cells release a secretory vesicle incorpo- 
rating part of the secretory cell membrane; 
and holocrine secretion involves the disrup- 
tion of the entire cell to release its accumu- 
lated secretory vesicles. 


seed The structure in angiosperms and 
gymnosperms that develops from the ovule 
after fertilization. Occasionally seeds may 
develop without fertilization taking place 
(see apomixis). The seed contains the *em- 
bryo and nutritive tissue, either as *endo- 
sperm or food stored in the *cotyledons. 
Angiosperm seeds are contained within a 
*fruit that develops from the ovary wall. 
Gymnosperm seeds lack an enclosing fruit 
and are thus termed naked. The seed is cov- 
ered by a protective layer, the *testa. Dur- 
ing development of the testa the seed dries 
out and enters a resting phase (dormancy) 
until conditions are suitable for germination. 
Annual plants survive the winter or dry 
season as seeds. The evolution of the seed 
habit enabled plants to colonize the land, 
since seed plants do not depend on water 
for fertilization (unlike the lower plants). 


seed coat See testa. 

seed ferns See Pteridospermales. 
seed leaf See cotyledon. 

seed plants See Spermatophyta. 
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SEGMENTATION 


segmentation 1. See metameric segmenta- 
tion. 2. See cleavage. 


' segregation The separation of pairs of *al- 
leles during the formation of reproductive 
cells so that they contain one allele only of 
each pair. Segregation is the result of the 
separation of *homologous chromosomes 
during “meiosis. See also Mendel's laws, 


Selachii The major subclass of the Elas- 
mobranchii (cartilaginous fishes), containing 
the sharks, rays, skates, and similar but ex- 
tinct forms. Their sharp teeth develop from 
the toothlike placoid *scales (denticles) and 
are rapidly replaced as they wear out, 


selection pressure The extent to which or- 
ganisms Possessing a particular characteristic 
are either eliminated or favoured by envi- 
ronmental demands. It indicates the degree 
of intensity of *natural selection. 


self-sterility The condition found in many 
hermaphrodite Organisms in which male and 
female reproductive cells Produced by the 
same individual will not fuse to form a zy- 
Bote, or if they do, the zygote is unable to 
develop into an embryo. In plants this is 


usually termed Self-incompatibility (see in- 
compatibility). 


Seliwanoffs test A biochemical test to 
identify the Presence of ketonic Sugars, such 
as fructose, in solution. [t was devised by 
the Russian chemist F., F, Seliwanoff. A few 
drops of the reagent, consisting of resorcinol 
crystals dissolved in equal amounts of water 
and hydrochloric acid, are heated with the 
test solution and the formation of a Ted pre- 
cipitate indicates a Positive result. 


Semen A fluid containing sperm and nutri- 
ents that is produced by a male animal dur- 
ing copulation and is introduced into the 
body of the female. Spermatozoa are pro- 
duced by the *testes and the nutrient liq- 
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uids by the *prostate gland and *seminal 
vesicles. 


semicircular canals The sense organ in 
vertebrates that is concerned with the main- 
tenance of physical equilibrium (sense of 
balance). It occurs in the *inner ear and 
consists of three looped canals set at right 
angles to cach other and attached to the 
*utriculus. The canals contain a fluid (endo- 
lymph) that flows in response to movements 
of the head and body. A swelling (ampulla) 
at one attachment point of each canal con- 
tains sensory cells that respond to move- 
ment of the endolymph in any of the three 
planes. These sensory cells initiate nervous 
impulses to the brain. 


seminal receptacle See spermatheca. 


seminal yesicle 1. A pouch or sac in 
many male invertebrates and lower 
vertebrates that is used for storing sperm. 2. 
One of a pair of glands in male mammals 
that secrete seminal fluid into the vas defer- 
ens, 


Seminiferous tubules See testis, 


Semipermeable membrane A membrane 
that is permeable to molecules of the sol- 
vent but not the solute in *osmosis. Semi- 
Permeable membranes can be made by sup- 
Porting a film of material (e.g. cellulose) on 
à Wire gauze or porous pot. 


Senescence The changes that occur in an 
Organism (or a part of an organism) be- 
tween maturity and death, i.e. ageing. Char- 
acteristically there is a deterioration in func- 
tioning as the cells become less efficient in 
maintaining and replacing vital cell compo- 
nents. In animals this results in a decline in 
Physical ability and, in man, there is also 
often a reduction in mental ability. Not all 
the parts of the body necessarily become se- 
nescent at the same time or age at the same 
rate. For example, in deciduous trees the 


shedding of senescent leaves in the autumn 
is a normal physiological process. 


Sense organ A part of the body of an 
animal that contains or consists of a con- 
centration of *receptors that are sensitive to 
Specific stimuli (e.g. sound, light, pressure, 
heat). Stimulation of these receptors initiates 
the transmission of nervous impulses to the 
brain, where sensory information is analysed 
and interpreted. Examples of sense organs 
are the *eye, *ear, *nose, and *taste bud. 


Sensitization 1. (of a cell) The alteration 
of the integrity of a cell membrane resulting, 
from the reaction of specific *antibodies 
with *antigens on the surface of the cell. In 
ue deae of *complement, the cell rup- 
i es. 2. (of an individual) Initial exposure 
a à Specific antigen such that re-exposure 

It same antigen causes a severe immune 
response (see anaphylaxis). 


SE One of the parts of a flower making 
p the ‘calyx. Sepals are considered to be 
Modified leaves with a simpler structure. 
m ey are usually green and often hairy but 
s Some plants, eg. monk's hood, they may 
€ brightly coloured. 


pret Any dividing wall in a plant or 
nimal. Examples are the septa that sepa- 
rate the chambers of the heart. 


Serine See amino acid. 


Serology The laboratory study of blood se- 


ad nd its constituents, particularly *an- 
ues and *complement, which play a 
Part in the *immune response. 


ENSIS (S-hydroxytryptamine) A com- 
vba Eus] from the amino acid trypto- 
iet that affects the diameter of blood ves- 
dS , also functions as a 
ian ransmitter. In the brain it is thought 

uence mood: drugs, such as LSD, that 
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SEX DETERMINATION 


alter serotonin levels have hallucinogenic ef- 
fects. 


serous membrane A tissue consisting of a 
layer of *mesothelium attached to a surface 
by a thin layer of connective tissue, Serous 
membrane lines body cavities that do not 
open to the exterior; the “peritoneum and 
the *pleura are examples. 


serum See blood serum. 


sessile 1. Describing animals that live per- 
manently attached to a surface, i.e. sedenta- 
ry animals. Many marine animals, e.g. sea 
anemones and limpets, are sessile. 2. 
Describing any organ that does not possess 
a stalk where one might be expected. For 
example, the leaves of the oak (Quercus 
robur) are attached directly to the twigs. 


seta 1. A bristle or hair in many in- 
vertebrates. Setae are produced by the epi- 
dermis and consist either of a hollow pro- 
jection of cuticle containing all or part of 
an epidermal cell (as in insects) or are com- 
posed of chitin (as in the *chaetae of anne- 
lid worms). 2. See sporogonium. 


sex chromosome A chromosome that op- 
erates in the sex-determining mechanism of 
a species. In most animals there are two 
kinds of sex chromosomes: the X chromo- 
some, similar in size to the other chromo- 
somes, and the smaller Y chromosome. In 
man and many animals a combination of 
two X chromosomes gives a female while 
one X and one Y chromosome gives a male. 
Sex chromosomes carry genes governing the 
development of sex organs and secondary 
sexual characteristics. They also carry other 
genes unrelated to sex (see sex linkage). See 
also sex determination. 


sex determination The method by which 
the distinction between males and females is 
established in a species. It is usually under 
genetic control. Equal numbers of males 


SEX HORMONES 


and females are produced when sex is deter- 
mined by *sex chromosomes or by a con- 
trasting pair of alleles. In some species (e.g. 
bees) females develop from fertilized eggs 
and males from unfertilized eggs. This does 
Not produce equal numbers. 


sex hormones Steroid hormones that con- 
trol sexual development. The most impor- 
tant are the *androgens and “oestrogens, 


sex linkage The tendency for certain in- 
herited characteristics to occur far more fre- 
quently in one sex than the other. For ex- 
ample, red-green colour blindness and 
haemophilia affect men more often than 
Women. This is because the 


Sex ratio The ratio of the number of fe- 
males to the number of males in a *popula- 

+ tion. Because the mortality rates in the two 
sexes may be different, the Sex ratios in dif- 
ferent age classes may differ. 


Tm of reproduc- 
On of two repro. 
n the process or 
especially in ani- 
ts, one male and 


Occur, as it does 
animals. Gametes are 
“meiosis, a special kind of cell 
division in the parent reproductive organs 
that both reassorts the genetic material and 
halves the chromosome number. Meiosis 
thus ensures genetic variability in the ga- 
metes and therefore in the offspring result- 


formed by 
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ing from their subsequent fusion. Sexual re- 
Production, unlike *asexual reproduction, 
therefore generates variability within a spe- 
cies. However, it depends on there being re- 
liable means of bringing together male and 
female gametes, and many elaborate mech- 
anisms have evolved to ensure this. 


sexual selection The means by which it is 
assumed that certain *secondary sexual 
characteristics, Particularly of male animals, . 
have evolved. Females presumably choose to 
mate with the male that gives the best 
courtship display and therefore has the 
brightest coloration, etc.: these features 
would be inherited by its male offspring 
and would thus tend to become exaggerated 
down the generations, 


shoot The aerial part of a vascular plant. ut 
develops from the “plumule and consists ol 
a stem supporting leaves, buds, and flowers. 


short-day plant A plant in which flowering 
can be induced or enhanced by short days, 
usually of less than 12 hours of daylight. 
Examples are strawberry and chrysanthe- 
mum. See photoperiodism. Compare day- 
neutral plant; long-day plant. 


short-sightedness See myopia. 
shoulder girdle See pectoral girdle. 


siblings Individuals that have both parents 
in common. : 

Sieve element A type of plant cell occur- 
ring within the “phloem. Sieve elements 
combine to form a series of tubes (sieve 
tubes) connecting the leaves, shoots, and 
roots in a fine network, Food materials are 
transported from one element to another via 
perforations termed sieve areas. or sieve 
plates. This is an active (energy-requiring) 
Process but the mechanism is uncertain. 
Sieve elements contain little cytoplasm and 
Ro nucleus. It is believed that their metabol- 


ic activities may be controlled by *compan- 
ion cells in angiosperms and by albuminous 
cells in gymnosperms. 


sievert The SI unit of dose equivalent (see 
radiation units). 


' sieve tube A tube within the *phloem tis- 
sue of a plant, composed of joined *sieve 
elements. 


Sign stimulus (releaser) The essential fea- 
ture. of a stimulus, which is necessary to 
elicit a response. For example, a red belly 
(characteristic of courting male sticklebacks) 
is the sign stimulus necessary to provoke an 
attack from a rival male; even a very crude 


model fish is attacked if it has a red under- 
surface. 


Silicula. A type of *capsule formed from a 
bicarpellary ovary. It is longitudinally flat- 
tened and divided lengthwise into two cavi- 
lies (loculi). It is broader than a "siliqua. 
Examples include the fruits of Alyssum and 
candytuft. 


Siliqua A type of *capsule formed from a 
bicarpellary ovary. It resembles a *silicula 
but is longer than it is broad; an example is 
ne fruit of the wallflower. See also lomen- 
ium. 


Silurian A geological period of the 
Palaeozoic era following the Ordovician pe- 
riod and extending until the beginning of 
the Devonian period. It began about 440 
million years ago and lasted for about 45 
million years, The Silurian was named by 
Roderick Murchison (1792-1871) after an 
ancient British tribe that inhabited South 
Wales, where he observed rocks of this peri- 
9d. The majority of Silurian life was marine 
but during the later part of the period prim- 
itive plants began to make their appearance 
9n land. Trilobites and graptolites became 
less Common, brachiopods were numerous 
and varied, crinoids became common for 


SIPHUNCULATA 


the first time, and corals also increased. The 
only known vertebrates during the Silurian 
were primitive fish; the first jawed fish ap- 


. peared later in the period. The Caledonian 
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orogeny (mountain-building period) reached 
its peak towards the end of the Silurian, 


sinus A saclike cavity or organ in an 
animal, e.g. the sinus venosus in the heart of 
lower vertebrates. 


sinusoid A tiny blood vessel or blood-filled 
space in an organ. Sinusoids replace capilla- 
ries in certain organs, notably the liver; they 
allow more direct contact between the blood 
and the tissue it is supplying. 


Siphonaptera An order of wingless insects 
comprising the fleas. The body of a flea is 
laterally compressed and bears numerous 
backward-directed spines. Fleas live as 
blood-sucking ectoparasites of mammals and 
birds, having mouthparts adapted to pierc- 
ing their host, injecting saliva to prevent 
clotting, and sucking up the blood. The long 
bristly legs can transmit energy stored in 
the elastic body wall to leap relatively long 
distances (over 300 mm horizontally). Apart 
from causing irritation, fleas caa transmit 
disease organisms, most notably bubonic 
plague bacteria, which can be carried from 
rats to humans by the rat flea (Xenopsylla 
cheopsis). The. whitish wormlike legless lar- 
vae feed on organic matter. After two 
nioults the larva spins a cocoon and under- 
goes metamorphosis into the adult. 


Siphunculata (Anoplura) An order of 
wingless insects comprising the sucking lice: 
blood-sucking ectoparasites of mammals, 
with piercing and sucking mouthparts form- 
ing a snoutlike proboscis. They constitute 
an irritating pest to humans and domestic 
animals and can transmit diseases, including 
typhoid. The human louse (Pediculus 
humanus) exists in two forms: the head 
louse (P. humanus capitis) and the body 
louse (P. humanus corporis). 


SI UNITS 


SI units Système International d'Unités: 
the international system of units now rec- 
ommended for all scientific purposes. A co- 
herent and rationalized system of units de- 
rived from the m.s. units (a metric system 
based on the metre, kilogram, and second), 
SI units have now replaced *c.g.s. units and 
“Imperial units. The system has seven base 
units and two Supplementary units (see Ap- 
pendix), all other units being derived from 
these nine units. There are 18 derived units 
with special names. Each unit has an agreed 
symbol (a capital letter or an initial capital 
letter if it is named after a scientist, other- 
wise the symbol consists of one or two low- 
er-case letters). Decimal multiples of the 
units are indicated by a set of Prefixes; 
whenever possible a prefix Tepresenting 10 


raised to a power that is a multiple of three 
should be used. 


skeletal muscle See voluntary muscle, 


skeleton The structure in an animal that 
Provides mechanical support for the body, 
Protection for internal organs, and a frame- 
work for anchoring the muscles. The skele- 
ton may be external (see exoskeleton) or in- 
ternal (see endoskeleton). Both types require 
“joints to allow locomotion. The endoskele- 
ton of higher vertebrates consists 


of a sys- 
tem of *bones (see illustration), 


skin The outer layer of the body of a verte- 
brate. It is composed of two layers, the *ep- 
idermis and *dermis, with a Complex ner- 
vous and blood supply. The skin may bear 
a variety of specialized Structures, including 
*hair, *scales, and "feathers, This skin has 
an important role in protecting the body 
from mechanical injury, water loss, and the 
entry of harmful agents (e.g. disease-causing 
bacteria). It is also a sense Organ, contain- 
ing receptors sensitive to pain, temperature, 
and pressure. In warm-blooded animals it 
helps regulate body temperature by means 
of hair, fur, or feathers and *sweat glands. 


Skull The skeleton of the head. In mam- 
mals it consists of a *cranium enclosing the 
brain and the bones of the face and jaw. 
All the joints between the individual bones 
of the skull are immovable (see suture) tes 
cept for the joint between the mandible 
(lower jaw) and the rest of the skull. There 
is a large opening (foramen magnum) at the 
base of the skull through which the spinal 
cord passes from the brain. 


sleep A readily reversible state of reduced 
awareness and metabolic activity that occurs 
Periodically in many animals, Usually ac- 
companied by physical relaxation, the onset 
of sleep in humans and other mammals is 
marked by a change in the electrical activity 
of the brain, which is recorded by an *clec- 
troencephalogram as waves of low frequency 
and high amplitude (slow-wave sleep). This is 
interspersed by short bouts of high-frequen- 
cy low-amplitude waves (similar to wave 
Patterns produced when awake) associa 
with restlessness, dreaming, and rapid C 
movement (REM); this is called REM (of 
Paradoxical) sleep. Several regions of Us 
brain are involved in sleep, especially the 
reticular formation of the “brainstem. 


sleep Movements See nyctinasty. 


slime fungi (slime moulds) A group of 
small simple organisms widely distributed in 
damp habitats on land, They exist either as 
free cells or as multinucleate aggregates of 
cells (plasmodia). Cell walls are generally 
absent. Slime fungi show amoeboid move- 
ment and feed by ingesting small particles 
of food. They reproduce by means of 
Spores, Since this group of organisms exhib- 
its characteristics of both simple plants and 
Simple animals its taxonomic position is un- 
certain. They are usually placed in a sepa- 
Tate division, the Myxomycota. 


small intestine The portion of the *ali- 
mentary canal between the stomach and the 
large intestine. It is subdivided into the *du- 
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4 high- low- 
temperature temperature 
receptor receptor 
sweat pain hair 
pore receptor follicle 


SODIUM PUMP 


epidermis 


dermis 


subcutaneous tissue 


pressure 
receptor 


‘Sweat duct blood ‘capillary 


nerve X adipose (fat) tissue. 


Structure of mammalian skin 


odenum, “jejunum, and *ileum. It plays an 
essential role in the final digestion and ab- 
Sorption of food. 


Smooth muscle See involuntary muscle. 


Smuts A group of parasitic fungi belonging 
to the *Basidiomycetes. Many of these spe- 
cles attack the ears of cereal crops, replac- 
ing the grain by a mass of dark spores. 
Compare rusts, 


snakes See Squamata. 

Sodium Symbol Na. A soft silvery element 

that is a major *essential element required 
animals. It is important in maintaining 

the *acid—base balance. and in controlling 


221 


the volume of extracellular fluid and func- 
tions in the transmission of nerve impulses 
(see sodium pump). 


sodium fluoride A crystalline compound, 
NaF. It is highly toxic but in very dilute 
solution (less than 1 part per million) it is 
used in the “fluoridation of water for the 
prevention of tooth decay on account of its 
ability to replace OH groups with F groups 
in the material of dental enamel. 


sodium pump A mechanism by which sodi- 
um ions are transported out of a neurone 
across the cell membrane. The process re- 
quires energy in the form of ATP, being a 
form of *active transport. It maintains the 
different concentration of sodium ions on 


SOFTWOOD 


either side of the neurone membrane neces- 
sary for establishing the “resting potential 
of the neurone. 


softwood See wood. 


sol A *colloid in which small solid particles 
are dispersed in a liquid continuous phase. 


somatic 1. Relating to all the cells of an 
animal or plant other than the reproductive 
cells. Thus a somatic *mutation is one that 
is not heritable. 2. Relating to organs and 
tissues of the body other than the gut and 
its associated structures. The term is applied 
especially to voluntary muscles, the sense 
organs, and the nervous system. 


somatotrophin See growth hormone. 


sorosis A type of *composite fruit formed 
from an entire inflorescence spike. Mulberry 
and pineapple fruits are examples. 


sorus 1. Any of the spore-producing struc- 
tures on the undersurface of a fern frond, 
visible as rows of small brown dots. 2. A 
reproductive area on the thallus of some al- 
gac, eg. Laminaria. 3. Any of various 
spore-producing structures in certain fungi. 


spadix A flowering shoot (a type of *spike) 
with a large fleshy floral axis bearing small, 
usually unisexual, flowers. It is protected by 
a large petal-like bract, the spathe, and is 
Characteristic of plants of the family 
Araceae (e.g. calla lily). 


Spathe See spadix. 


special creation The belief, in accordance 
with the Book of Genesis, that every species 
was individually created by God in the form 
in which.it exists today and is not capable 
of undergoing any Change. It was the gener- 
ally accepted explanation of the origin of 
life until the advent of *Darwinism. The 
idea has recently enjoyed a revival, especial- 
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ly among members of the fundamentalist 
movement in the USA, partly because there 
still remain problems that cannot be ex- 
plained entirely by Darwinian theory. How- 
ever, special creation is contradicted by fos- 
sil evidence and genetic studies, and the 
pseudoscientific arguments of creation sci- 
ence cannot stand up to logical examination. 


specialization 1. Increasing *adaptation of 
an organism to a particular environment. 2. 
See physiological specialization. 


speciation The development of one or 
more species from an existing species. It oc- 
curs when *sympatric or *allopatric popula- 
tions diverge so much from the parent pop- 
ulation that intérbreeding can no longer 
occur between them. 


Species A category used in the *classifica- 
tion of organisms that consists of a group 
of similar individuals that can usually breed 
among themselves and produce fertile off- 
spring. Similar or related species are 
grouped into a genus. Within a species 
groups of individuals may become reproduc- 
tively isolated because of geographical or 
behavioural factors. Such populations may, 
because of different selection pressures, de- 
velop different characteristics from the main 
Population and so form a distinct *subspe- 
cies. 


spectrum A range of electromagnetic ener- 
gies arrayed in order of increasing or.de- 
creasing wavelength or frequency. The emis- 
sion spectrum of.a body or substance is the 
Characteristic range of radiations it emits 
when it is heated, bombarded by electrons 
or ions, or absorbs photons. The absorption 
Spectrum of a substance is produced by €X- 
amining, through the substance and through 
@ spectroscope, a continuous spectrum of ra- 
diation. The energies removed from the con- 
tinuous spectrum by the absorbing medium 
show up as black lines or bands; with a 
substance capable of emitting a spectrum 
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these are in exactly the same positions in 
the spectrum as thé emission lines and 
bands would occur in the emission spec- 
trum. 

Emission and absorption spectra may 
Show a continuous spectrum, a line spectrum, 
Or a band spectrum. A continuous spectrum 
contains an unbroken sequence of frequen- 
cles over a relatively wide range; it is pro- 
duced by incandescent solids, liquids, and 
compressed gases. Line spectra are discon- 
linuous lines produced by excited atoms 
and ions as they fall back to a lower energy 
level. Band spectra (closely grouped bands 
Of lines) are characteristic of molecular gas- 
es or chemical compounds. 


Sperm See spermatozoon. 


Spermatheca (seminal receptacle) A sac 
OF receptacle in some female or hermaphro- 


* dite animals (eg. earthworms) in which 


Sperm from the mate is stored until the eggs 


+ are ready to be fertilized. 


Spermatogenesis The series of cell divi- 
sions in the testis that, results in the produc- 
tion of spermatozoa. Within the seminifer- 
ous tubules of the testis germ cells grow 
and divide by mitosis to produce spermato- 
Bonia. These divide by mitosis to produce 
SPermatocytes, which divide by meiosis to 
Produce spermatids. The spermatids, which 
thus have half the number of chromosomes 


9f the original germ cells, then develop into 
Spermatozoa, 


pPermatophyta A division of the plant 
SAO Containing plants that reproduce 
T means of *secds, These species make up 
at ur Of the present-day flora — trees, 
cite grasses, and herbaceous plants. The 

“sion is subdivided into the *Angios- 
aoe and the *Gymnospermae. In some 
; ications seed plants are included with- 
n the *Pteropsida. * 


SPermatozoid See antherozoid. 


SPINAL CORD 


spermatozoon (sperm) The mature mobile 
reproductive cell (see gamete) of male ani- 
mals, which is produced by the testis (see 
spermatogenesis). It consists of a head sec- 
tion containing a *haploid nucleus and an 
acrosome, which allows the sperm to pene- 
trate the egg at fertilization; a middle sec- 
tion containing *mitochondria to provide 
the energy for movement; and a‘ tail section, 
which lashes to drive the sperm forward. 


Sphenopsida A class of the *Pteridophyta 
or a subdivision of the *Tracheophyta, the 
only living members of which are the horse- 
tails (Equisetum). Horsetails have a perenni- 
al creeping rhizome supporting erect jointed 
stems bearing whorls of thin leaves. Spores 
are produced by terminal conelike struc- 
tures. The group has a fossil record, ex- 
tending back to the Palaeozoic with its 
greatest development in the Carboniferous 
period, when giant tree forms were the 
dominant vegetation with the *Lycopsida. 


sphincter A specialized muscle encircling 
an opening or orifice. Contraction of the 
sphincter tends to close the orifice. Exam- 
ples are the anal sphincter (round the open- 
ing of the anus) and the pyloric sphincter 
(at the lower opening of the stomach). 


spiders See Arachnida. 


spike A type of *racemose inflorescence in 
which stalkless flowers arise from an undi- 
vided floral axis, as in plantain and Orchis. 
In the family Gramineae (sedges and 
grasses) the flowers are grouped in clusters 
called spikelets, which may be arranged to 
form a compound spike (as in wheat). 


spinal column See vertebral column. 


spinal cord The part of the vertebrate cen- 
tral nervous system that is posterior to the 
brain and enclosed within the “vertebral 
column. It consists of a hollow core of 
*grey matter (H-shaped in cross section) 


SPINAL NERVES 


surrounded by an outer layer of white mat- 
ter; the central cavity contains *cerebros- 
Pinal fluid. Paired *spinal nerves arise from 
the spinal cord. 


spinal nerves Pairs of nerves that arise 
from the “spinal cord (compare cranial 
nerves). In man there are 31 pairs (one 
from each of the vertebrae). Each nerve 
contains both motor and sensory fibres (ie. 
they arè mixed nerves), and the spinal 
nerves form an important part of the “pe- 
ripheral nervous system. 


spindle A structure formed from fine fibres 
of protein in the cytoplasm of cells at the 
beginning of the *metaphase stage of cell 
division (see meiosis; mitosis). Two poles 
become established at diametrically opposite 
Points close to the nucleus. Fibres radiating 
from each pole towards the opposite one di- 
verge to their greatest extent midway be- 
tween. This widest part of the spindle is the 
equator. Chromosomes are attached by their 


centromeres to the spindle fibres at the 
equator. 


spindle attachment See centromere. 


spine 1. See vertebral column. 2. A hard 
Pointed protective structure on a plant that 
is formed through modification of a leaf, 
part of a leaf, or a stipule. The edge of the 
holly leaf is drawn out into Spines, but in 
the gorse the whole leaf is modified. Com- 
pare prickle; thorn. 


spinneret A small tubular appendage from 
which silk is produced in Spiders and some 
insects. Spiders have four to six spinnerets 
on the hind part of the abdomen, into 
which numerous silk glands open. The silk 
is secreted as a fluid and hardens on con- 
tact with the air. Various types of silk are 
produced depending on its use (eg. for 
webs, egg cocoons, etc.). The spinnerets that 
produce the cocoons of insects are not ho- 
mologous with those of spiders. For exam- 


le, the spinneret of the silkworm is in the 
Hed EX the silk is produced by modi- 
fied salivary glands. - 
spiracle 1. A small paired opening that oc- 
curs on each side of the head in cartilagi- 
nous fish. It is the reduced first *gill slit, its 
small size resulting from adaptations of the 
skeleton for the firm attachment of the jaws. 
In modern teleosts (bony fish) the spiracle is 
closed up. In tetrapods the first gill slit A 
velops into the middle ear cavity. 2. Any o! 
the external openings of the "tracheac along 
the side of the body of an insect. 


spirillum Any rigid spiral-shaped bcd 
um. Generally, spirilla are Gram-negat 
(see Giam’s stain), aerobic, and highly a 
tile, bearing one or more tufts of flagel : 
They occur in soil and water, feeding on oF 
ganic matter, 


spirochaete Any nonrigid corkscrew-shaped 
bacterium that moves by means of Ern 
flexions of the cell. Most spirochaetes T 
Gram-negative (see Gram's stain), ed 
and feed on dead organic matter. They d 
particularly common in sewage-polluted "| 
lers. Some, however, cause disease in d 
Treponema, the agent of syphilis, is an € 
ample. 


lying behind the 


spleen A vertebrate organ, of 


stomach, that is basically a collection 
*lymphoid tissue. Its functions include pfo" 
ducing lymphocytes and destroying foreig® 
particles. It acts as a reservoir for ae 
cytes and can regulate the number in po 
lation. It is also the site for the breakdo 
of worn-out erythrocytes and it stores 
iron they contain. 


sponges See Porifera. 
spongy mesophyll See mesophyll. 


" ited 
spontaneous generation The du 
belief that living organisms can someho 
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Produced by nonliving matter. For example, 
it was once thought that microorganisms 
arose by the process of decay and even that 
vermin spontaneously developed from 
household rubbish. Controlled experiments 
using sterilized media by Pasteur and others 
finally disproved these notions. Compare bi- 
Ogenesis. See also biopoiesis. 


Sporangium A reproductive structure in 
Plants that produces asexual spores. See 
sporophyll. 


Spore A reproductive cell that can develop 
into an individual without first fusing with 
another reproductive cell (compare gamete). 
Spores are produced by plants, fungi, bacte- 
na, and some Protozoa. A spore may devel- 
op into an organism resembling the parent 
9r into another stage in the life cycle, either 
immediately or after a period of dormancy. 
In plants showing ‘alternation of genera- 
tions, spores are formed by the *sporophyte 
Beneration and give rise to the *gameto- 
Phyte generation. In ferns, the rows of 
brown reproductive structures on the under- 
Surface Of the fronds are spore-producing 
lies, 


Spore mother cell (sporocyte) A diploid 
Cell that gives rise to four haploid spores by 
meiosis, 


SPorocyte See spore mother cell. 


3 nium The *sporophyte generation 
ìn bryophytes. It is made up of an absorp- 
tive foot, a stalk (seta), and a spore-produc- 
v. capsule. It may be completely or partial- 
Y dependent on the *gametophyte. 


Porophore (fructification) The aerial 
SPore-producing part of certain fungi; for 
example, the stalk and cap of a mushroom. 


(erepto A leaf that bears sporangia 
SPore-producing structures). In ferns the 
SPorophylls are the normal foliage leaves, 


STAINING 


but in higher plants the sporophylls are 
modified and arise in specialized structures 
such as the strobilus (cone) of certain pteri- 
dophytes and gymnosperms and the flower 
of angiosperms. Angiosperms, gymnosperms, 
and many pteridophytes produce spores of 
two different sizes (small microspores and 
large megaspores). The sporophylls bearing 
these are called microsporophylls and mega- 
sporophylls respectively. 


sporophyte The generation in the life cycle 
of a plant that produces spores. The sporo- 
phyte is *diploid but its spores are *hap- 
loid. It is either completely or partially de- 
pendent on the *gametophyte generation in 
bryophytes but is the dominant plant in the 
life cycle of pteridophytes and seed plants. 
See also alternation of generations. 


Squamata An order of reptiles comprising 
the lizards and snakes. They appeared at 
the end of the Triassic period, about 170 
million years ago, and have invaded a wide 
variety of habitats. Most lizards have four 
legs and a long tail, eardrums, and movable 
eyelids. Snakes are limbless reptiles that 
lack eardrums; the eyes are covered by 
transparent immovable eyelids and the artic- 
ulation of the jaws is very loose, enabling a 
wide gape to facilitate swallowing prey 
whole. 


staining A technique in which cells or thin 
sections of biological tissue that are normal- 
ly transparent are immersed in one or more 
coloured dyes (stains) to make them more 
clearly visible through a microscope. Stain- 
ing heightens the contrast between the vari- 
ous cell or tissue components. Stains are 
usually organic salts with a positive and 
negative ion. If the colour comes from the 
negative ion (organic anion), the stain is de- 
scribed as acidic, e.g. *eosin. If the colour 
comes from the positive ion (organic cat- 
ion) the stain is described as basic, e.g. 
*haematoxylin. Neutral stains have a col- 
oured cation and a coloured anion; an ex- 
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ample is *Leishman's stain. Cell constituents 
are described as being acidophilic if they are 
stained with acidic dyes, basophilic if recep- 
tive to basic dyes, and neutrophilic if Tecep- 
tive to neutral dyes. Vital stains are used to 
colour the constituents of living cells with- 
out harming them (see vital staining); 
nonvital stains are used for dead tissue, 

Counterstaining involves the use of two or 
more stains in succession, each of which 
colours different cell or tissue constituents. 
Temporary staining is used for immediate 
microscopical observation of material, but 
the colour soon fades and the tissue is sub- 
sequently damaged. Permanent Staining does 
not distort the cells and is used for tissue 
that is to be preserved for a considerable 
Period of time. 

Electron stains, used in the preparation of 
material for electron microscopy, are de- 
scribed as electron-dense as they interfere 
with the transmission of clectrons. Examples 
are lead citrate, Phosphotungstic acid (PTA), 
and uranyl acetate (UA). 


Stapes (stirrup) The 


third of the three = 
ossicles of the = 


mammalian middle ear, 
starch A *polysaccharide [77 


nsisting of vari- 
ous proportions of two glucose Polymers, 
“amylose and *amy in. It occurs wide- 


ly in plants, especially in roots, tubers; 
seeds, and fruits, as a 


carbohydrate energy 


Store. Starch is therefore a major energy 
source for animals. When digested it ulti- 
mately yields glucose. Starch granules are 
insoluble in cold water but disrupt if heated 
to form a gelatinous solution. 


Statocyst (otocyst) A balancing organ 
found in many invertebrates. It consists of a 
fluid-filled sac lined with sensory hairs and 
contains granules of calcium carbonate, 
sand, etc. (statoliths or otoliths). As the 
animal moves the statoliths stimulate differ- 
ent hairs, giving a sense of the position of 
the body or part of it, The semicircular 
canals in the ears of vertebrates act on the 
same principle and have a similar function. 


Stearic acid (octadecanoic acid) A solid 
saturated *fatty acid, CH,(CH,),,COOH, 
that occurs widely (as *glycerides) in animal 
and vegetable fats. 


Stele The vascular tissue (ie. *xylem and 
"phloem) of seed plants’ and pteridophytes, 
together with the endodermis and pericycle 
(when present). The arrangement of stelar 
tissues is very variable. In roots the stele 
often forms a solid Core, which better en- 
ables the root to withstand tension and 
Compression. In stems it is often a hollow 
Cylinder separating the cortex and pith. This 
arrangement makes the stem more resistant 
to bending stresses, Monocotyledons and di- 
cotyledons can usually be distinguished by 
the pattem of their stelar tissue. In mono- 
cotyledons the vascular bundles are scat- 
tered throughout the stem whereas in di- 
cotyledons (and Eymnosperms) they arc 
arranged in a circle around the pith. 


Stem The part of a plant that usually grows 
vertically upwards towards the. light and 
Supports the leaves, buds, and reproductive 
Structures. The leaves develop at the *nodes 
and side or branch stems develop from buds 
at the nodes, The stems of certain species 
are modified as bulbs, corms, rhizomes, and 
tubers. Some species have twining stems; 
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piee vascular bundle 
cambium 


xylem 


Transverse section through a 
herbaceous stem 
others have horizontal stems, such as *run- 
ners. Another modification is the *cladode. 
ER Stems may be cylindrical or angular; 
ey may be covered with hairs, prickles, or 
Spines and many exhibit secondary growtli 
En become woody (see growth ring). In ad- 
ition to its supportive function, the stem 
Contains *vascular tissue that conducts food, 
water, and mineral, salts between the roots 
and leaves. It may ‘also contain chloroplasts 
and carry out photosynthesis. 


Stereoisomerism The existence of chemical 
compounds (stereoisomers) that have the 
Same molecular formulae and functional 
Broups, but differ in the arrangement of 
HD in space. Optical isomerism is one 
‘orm of this (see optical activity). 


om (breastbone) 1. A shield-shaped 
ou ee bone in terrestrial vertebrates, 
vide ventral side of the thorax, that artic- 

with the *clavicle (collar bone) of the 
Pectoral girdle and with most of the ribs. It 
Si absent in fish, and in birds it bears a 
ka 2. The ventral portion of each seg- 

ent of the exoskeleton of arthropods. 


OM Any of a group of lipids derived 
a saturated compound called 
“Yclopentanoperhydrophenanthrene, which 

a nucleus of four rings. Some of the 
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STEROL 


steroid nucleus 


HO 


cholesterol (a sterol) 


OH 


oF 


testosterone (an androgen) 
Steroid structure 


most important steroid derivatives are the 
steroid alcohols, or *sterols. Other steroids 
include the *bile acids, which aid digestion 
of fats in the intestine; the sex hormones 
(*androgens and oestrogens); and the *cor- 
ticosteroid hormones, produced by the adre- 
nal cortex. *Vitamin D is also based on the 
steroid structure. 


sterol Any of a group of *steroid-based al- 
cohols having a hydrocarbon side-chain of 
8-10 carbon atoms. Sterols exist either as 
free sterols or as esters of fatty acids. 
Animal sterols (zoosterols) include *choles- 
terol and lanosterol. The major plant sterol 


STIGMA 


(phytosterol) is beta-sitosterol, while fungal 
sterols (mycosterols) include *ergosterol. 


stigma 1. The glandular sticky surface at 
the tip of a carpel of a flower, which re- 
ceives the pollen. In insect-pollinated plants 
the stigmas are held within the flower, 
whereas in wind-pollinated species they 
hang outside it. 2. See eyespot. 


stilt root See prop root. 


„stimulus Any change in the external or in- 
ternal environment of an organism that pro- 
vokes a physiological or behavioural re- 
sponse in the organism. In an animal 
specific *receptors are sensitive to stimuli. 


stipe 1. The stalk that forms the lower por- 
tion of the fruiting body of certain fungi, 
Such as mushrooms, and supports the um- 


brella-shaped cap. 2. The stalk between the 
holdfast and blade (lamina) of certain 
brown algae, notably kelps, 


stipule An outgrowth from the petiole or 
leaf base of certain plants. Those of the gar- 
den pea are leaflike photosynthetic organs, 
The stipules of the lime tree are scalelike 
and protect the winter buds, whereas those 


of the false acacia (Robinia) are modified as 
spines, 


stock See graft. 


Stolon A long aerial side Stem that gives 
rise to a new daughter plant when the bud 
at its apex touches the soil. Plants that mul- 
tiply in this way include blackberry and 
currant bushes. Gardeners often pin down 
stolons to the soil to aid the Propagation of 
such plants. This process is termed layering. 


stoma (p. stomata) A pore large numbers 
of which are present in the epidermis of 
leaves (especially on the undersurface) and 
young shoots. Stomata function in gas ex- 
change between the plant and the atmos- 
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phere. Each stoma is bordered by two semi- 
circular guard cells (specialized epidermal 
cells), whose movements (due to changes in 
water content) control the size of the aper- 
ture. The term stoma is also used to mean 
both the pore and its associated guard cells. 


stomach The portion of the vertebrate *ali- 
mentary canal between the oesophagus and 
the small intestine. It is a muscular organ, 
capable of dramatic changes in size and 
shape, in which ingested food is stored and 
undergoes preliminary digestion. Cells lining 
the stomach produce “gastric juice, which is 
thoroughly mixed with the food by muscular 
contractions of the stomach. The resultant 
acidic partly digested food mass (*chyme) is 
discharged into the *duodenum through the 
pyloric *sphincter for final digestion and 
absorption. Some herbivorous animals (ru- 
minants) have multichambered stomachs 
from which food is regurgitated, rechewed, 
and swallowed again. 


stomium A region of thin-walled cells in 
certain Spore-producing structures that rup- 
tures to release the spores. For example, in 
the sporangium of the fern Dryopteris the 


stomium ruptures when the annulus dries 
out. 


stratum corneum The layers of dead kera- 
tinized cells that form the outermost layers 
of mammalian ‘epidermis. The stratum 
comeum provides a water-resistant barrier 
between the external environment and the 
living cells of the *skin. 


striated muscle See voluntary muscle. 


Stridulation The production of sounds by 
insects rubbing one part of the body against 
another. The parts of the body involved va- 
Ty from species to species. Stridulation is 
typical of the Orthoptera (grasshoppers, 
crickets, cicadas), in which the purpose of 
the sounds is usually to bring the sexes to- 


gether, although they are also used in terri- 
torial behaviour, warning, etc. 


Strobilus 1. A type of *composite fruit that 
is formed from a complete inflorescence. It 
Produces *achenes enclosed in bracts and 
When mature becomes cone-shaped. The hop 
fruit is an example. 2. See cone. 


Stroma Tissue that forms the framework of 
an organ; for example, the tissue of the 
ovary that surrounds the reproductive cells. 


Stromatolite A rocky cushion-like mass 
formed by the unchecked growth of millions 
of lime-secreting blue-green algae. Stro- 
Matolites are found only in areas where 
Other organisms that would normally keep 
down the algal numbers cannot survive, 
Such as extremely salty bays. It is thought 
that Such formations were abundant 2000 
million years ago, when blue-green algac 
Were the most advanced form of life on 
carth, and that the white Tings of fossilized 
microorganisms found in rocks of this age 
are the remains of stromatolites. 


inn Symbol Sr. A soft yellowish me- 
C clement. The isotope strontium—90 is 
Present in radioactive fallout (half-life 28 
Years), and can be metabolized with calcium 
30 that it collects in bone. 


Strychnin 


li e A colourless poisonous crystal- 


ne alkaloid found in certain plants. 


EIE The stalk of a carpel, between the 
ole and the ovary, In many plants it is 
Ongated to aid pollination. 


Subarac 
the *; 
ter, t 


hnoid space The space between 

arachnoid membrane and the *pia ma- 

C a the membranes (*meninges) that 

filled oy the brain and spinal cord. It is 
with *cerebrospinal fluid. 


Subclavian 


A paired artery that 
Passes beneath the col | 


llar bone (clavicle) and 
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SUCCESSION 


branches to supply blood to the arm. The 
left subclavian artery arises from the aorta; 
the right from the innominate artery. 


subcutaneous tissue The tissue that lies 
immediately beneath the *dermis (see skin). 
It is made up of loose fibrous *connective | 
tissue, muscle, and fat (see adipose tissue), 
which in some animals (e.g. whales and hi- 
bernating mammals) forms an insulating 
layer or an important food store. 


suberin A mixture of waxy substances, sim- 
ilar to *cutin, present in the thickened cell 
walls of many trees and shrubs, particularly 
in corky tissues. The deposition of suberin 
(suberization) provides a protective water- 
impermeable layer. 


sublittoral 1. Designating or occurring in 
the shallow-water zone of a sea, over the 
continental shelf and below the low tide 
mark. 2. Designating or occurring in the 
zone of a lake below the littoral zone, to a 
depth of 6—10 metres. 


subspeciés A group of individuals within a 
*species that breed more freely among 
themselves than with other members of the 
species and resemble each other in more 
characteristics. Reproductive isolation of a 
subspecies may become so extreme that a 
new species is formed (see speciation), Sub- 
species are sometimes given a third Latin 
name, eg. the mountain gorilla, Gorilla go- 
rilla beringei (see also binomial nomencla- 
ture). 


substrate 1. (in biochemistry) The sub- 
stance upon which an *enzyme acts in bio- 
chemical reactions. 2. (in biology) The ma- 
terial on which a sedentary organism (such 
as a bamacle or a plant) lives or grows. The 
substrate may provide nutrients for the or- 
ganism or it may simply act as a support. 


succession (in ecology) The sequence of 
communities that develops in an area from 


SUCCINIC ACID 


the initial stages of cc'onization until a sta- 
ble mature climax community is achieved. 
Many factors, including climate and changes 
brought about by the colonizing organisms, 
influence the nature of a succession; for ex- 
ample, after many years shrubs produce soil 
deep enough to support trees, which then 
shade out the shrubs. 


succinic acid (butanedioic acid) A crys- 
talline solid, HOOC(CH,) COOH, that is 
soluble in water. It occurs in living organ- 
isms as an intermediate in metabolism, es- 
pecially in the *Krebs cycle. 


succulent A plant that conserves water by 
storing it in fleshy leaves or stems. Suc- 
culents are found either in dry regions or in 
areas where there is sufficient water but it is 
not easily obtained, as in salt marshes. Such 
plants are often modified to reduce water 
loss by transpiration. For exampje, the 
leaves of cacti are reduced to spines. 


succus entericus A mixture of enzymes 
Produced by glands within the small intes- 
tine. These enzymes are responsible for 
most of the digestive processes that occur in 
the alimentary canal and include “proteases, 
“lipases, and ‘amylases. 


sucrose (cane sugar; beet Sugar; saccha- 
TOSe) A sugar comprising one molecule of 
glucose linked to a fructose molecule., It oc- 
curs widely in plants and is particularly 
abundant in sugar cane and sugar beet 
(15-20%), from which it is extracted and 


refined for table sugar. If heated to 200°C, 
sucrose becomes caramel. 


sugar (saccharide) Any of a group of 
water-soluble *carbohydrates of relatively 
low molecular weight and typically having a 
sweet taste. The simple sugars are called 
*monosaccharides. More complex sugars 
comprise between two and ten monosaccha- 
rides linked together: *disaccharides contain , 
two, trisaccharides three, and so on. The 
name is often used to refer specifically to 
*sucrose (table sugar). 


.Sulpha drugs See sulphonamides. 
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Sulphonamides Organic compounds con- 
taining the group | -SO,.NH;. The 
sulphonamides are amides of sulphonic 
acids. Many have antibacterial action and 
are also known as sulpha drugs, including: 
sulphadiazine, NH; C; H4 SO, NHC, H; N3» 
sulphathiazole, NH; C, H4 SO, NHC, H; NS, 
and several others. They act by preventing 
bacteria from reproducing and are used to 
treat a variety of bacterial infections, espe 
cially of the gut and urinary system. 


Sulphur Symbol S. A yellow nonmetallic el- 
ement that is an *essential element in living 
organisms, occurring in the amino acids cys- 
teine and methionine and therefore in many 
Proteins. It is also a constituent of various 
cell metabolites, e.g. coenzyme A. Sulphur is 
absorbed by plants from the soil as the 
sulphate ion (SO, ?-). 


summation See synergism. 


Superior Describing a structure that is posi- 
tioned above or higher than another struc- 
ture in the body. For example, in flowering 
Plants the ovary is described as superior 
when located above the other organs of the 
flower (see hypogyny). Compare inferior. 


Supination Rotation of the lower forearm 
50 that the hand faces forwards or upwards 


with the radius and ulna parallel. Compare 
pronation. 


Supplementary units See SI units. 
Suprarenal glands See adrenal glands. 


Surface tension Symbol y. The property of 
à liquid that makes it behave as if its sur- 
face is enclosed in an clastic skin. The 
Property results from intermolecular forces: 
a molecule in the interior of a liquid experi- 
ences a force of attraction from other mole- 
cules equally from all Sides, whereas a mole- 
cule at the surface is only attracted by 
molecules below it in the liquid. The surface 
tension is defined as the force acting over 
the Surface per unit length of surface per- 
Pendicular to the force. It is measured in 
Newtons per metre. It can equally. be de- 
fined as the energy required to increase the 
Surface area by one square metre, i.c. it can 
be measured in joules per metre squared 
(which is equivalent to N m !). 

The surface tension of water is very 
oe due to the intermolecular hydrogen 
onding, and is Tesponsible for the forma- 
lion of drops, bubbles, and meniscuses, as 
Well as the rise of water in a capillary tube 
(capitlarity), the absorption of liquids by 
oe substances, and the ability of liquids 
o Wet a surface, Capillarity.is very impor- 
t in plants as it is largely responsible for 
© transport of water, against gravity, with- 
in the plant. 


Surfactant 


Stance, such 
uid 


(surface active agent) A sub- 
as a "detergent, added to a liq- 
Properties by reducing its *surface tension. 
aoe The line marking the junction of 
© body structures. Examples are the im- 
S Habe joints between the bones of the 
and, in plants, the seam along the 

Sdge of a Pea or bean pod. 


Swallowing See deglutition. 


to increase its spreading or wetting . 
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SYMBIOSIS 


Sweat The salty fluid secreted by the 
“sweat glands onto the surface of the skin. 
Excess body heat is used to evaporate 
sweat, thereby resulting in cooling of the 
skin surface. Small amounts of urea are ex- 
creted in sweat. ? 


sweat gland A small gland in mammalian 
skin that secretes *sweat. The distribution 
of sweat glands on the body surface varies 
between species: they occur over most of 
the body surface in man and higher pri- 
mates but have a more restricted distribu- 
tion in other mammals. 


swim bladder (air bladder) An air-filled 
sac lying above the alimentary canal in bo- 
ny fish that regulates the buoyancy of the 
animal. Air enters or leaves the bladder ci- 
ther via a pneumatic duct opening into the 
oesophagus or stomach or via capillary 
blood vessels, so that the specific gravity of 
the fish always matches the depth at which 
it is swimming. This makes the fish weight- 
less, so less energy is required for locomo- 
tion. In lungfish it also has a respiratory 
function. The lungs of tetrapods are homol- 
ogous with the swim bladder, which has de- 
veloped its hydrostatic function by speciali- 
zation. 


syconus A type of *composite fruit formed 
from a hollow fleshy inflorescence stalk in- 
side which tiny flowers develop. Small 
*drupes, the ‘pips’, are produced by the fe- 
male flowers. An example is the fig. 


symbiosis An interaction between individu- 
als of different species. The term symbiosis 
is usually restricted to interactions in which 
both species benefit (see mutualism), but it 
may be used for other close associations, 
such as *commensalism. Many symbioses 
are obligatory (ie. the participants cannot 
survive without the interaction); for exam- 
ple, a lichen is an obligatory symbiotic rela- 
tionship between an alga and a fungus. 


SYMPATHETIC NERVOUS SYSTEM 


sympathetic nervous system Part of the 
*autononomic nervous system. Its nerve en- 
dings release noradrenaline or adrenaline as 
a neurotransmitter and its actions tend to 
antagonize those of the *parasympathetic 
nervous system, thus achieving a balance in 
the organs they serve. For example, the 
sympathetic nervous system decreases saliva- 
ry gland secretion, increases heart rate, and 
constricts blood vessels, while the parasym- 
pathetic nervous system has opposite effects. 


sympatric Describing groups of similar or- 
anisms that, although in close proximity 
and theoretically capable of interbreeding, 
do not interbreed because of differences in 
behaviour, flowering time, etc. Compare al- 
lopatric. 


symphysis A *joint that is only slightly 
movable; examples are the joints between 
the vertebrae of the vertebral ‘column and 
that between the two pubic bones in the 
pelvic girdle. The bones at a symphysis ar- 
ticulate by means of smooth layers of carti- 
lage and strong fibres. 


sympodium The composite primary axis of 
growth in such plants as lime and horse 
Chestnut. After cach season's growth the 
shoot tip of the main stem Stops growing 
(sometimes terminating in a flower spike); 
Browth is continued by the tip of one or 


more of the lateral buds. 


Compare monopo- 
dium. 


Synapse The jünction between two adjacent 
neurones (nerve cells), i.e. between the axon 
ending of one and the dendrites of the next. 
At a synapse, the membranes of the two 
cells aré in close contact, with only a min- 
ute gap between them. A nerve "impulse is 
transmitted across the Synapse by the re- 
lease from the tip of the *axon of a *neuro- 
transmitter substance, which diffuses across 
the synaptic space to the “dendrites of the 
second neurone. This triggers the Propaga- 
tion of the impulse from the dendrite along 
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the length of the next neurone. Most 


neurones have more than one synapse. 
synapsis See pairing. 


syncarpy The condition in which the fe- 
male reproductive organs (*carpels) of a 
flower are joined to each other. It occurs, 
for example, in the primrose. Compare apo- 
carpy. 


synergism (summation) 1. The phenome- 
non in which the combined action of two 
substances (e.g. drugs or hormones) produc- 
es a greater effect than would be expected 
from adding the individual effects of each 
substance. 2. The combined action of one 
muscle (the synergist) with another (the ago- 
nist) in producing movement. Compare 8n- 
tagonism. 


syngamy See fertilization. 


synovial membrane The membrane that 
lines the ligament surrounding a freely mov- 
able joint (such as that at the hip or elbow). 
It secretes a fluid (synovial fluid) that lubri- 
cates the layers of cartilage forming the 8f- 
ticulating surfaces of the joint. 


syrinx The sound-producing organ of 8 
bird, situated at the lower end of E 
trachea where it splits into the bronchi. 
has a complex structure with a number ©) 
vibrating membranes. 


systematics The study of the diversity G 
organisms and their natural relationships. t 
is sometimes used as a synonym for *taxof 
omy. The term biosystematics describes : 
experimental study of diversity, especially ® 
the species level. Biosystematic methods i0 
clude breeding experiments, bioch 

work (chemosystematics), and cytotaxonomY- 


Système International d'Unités See S! 
units, 


Systole The phase of the heart beat during 
which the ventricles of the heart contract to 
force blood into the arteries. Compare dias- 
tole. See blood pressure. 


T 


2,4,5-T 2,4,5-trichlorophenoxyacetic acid: a 
Synthetic *auxin frequently used as a herbi- 
cide and defoliant. There are now moves to 
Festrict its use, as it tends to become con- 
taminated with the toxic chemical dioxin. 


tactic movement See taxis. 


tannin One of a group of complex organic 
chemicals commonly found in leaves, unripe 
fruits, and the bark of trees. Their function 
'S uncertain though the unpleasant taste 
may discourage grazing animals. Some tan- 
nins have commercial uses, notably in the 
Production of leather and ink. 


tapetum A reflecting layer, containing crys- 
tals of guanine, in the *choroid of the eye 
M Many nocturnal vertebrates. It reflects 
ight back onto the retina, thus improving 


vision and Causing the eyes to shine in the 
dark. 


tapeworms See Cestoda. 
tap root See root, 


ool (tarsal bone) One of the bones that 


‘orm the ankle (see tarsus) in terrestrial 
Vertebrates, 


Pid me ankle (or corresponding part of 
Gee limb) in terrestrial vertebrates, con- 
ing of a number of small bones (tarsals). 
s € number of tarsal bones varies with the 
Pecies: humans, for example, have seven. 
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taste bud A small sense organ in most 
vertebrates, specialized for the detection of 
taste. In terrestrial animals taste buds are 
concentrated on the upper surface of the 
*tongue. They are sensitive to four types of 
taste: sweet, salt, bitter, or sour. The taste 
bud transmits information about a particu- 
lar type of taste to the brain via nerve fib- 
res. The four types of taste bud show dis- 
tinct distribution patterns on the surface of 
the human tongue. 

In fishes, taste buds are distributed over 
the entire surface of the body and provide 
information about the surrounding water. 


taxis (tactic movement) The movement of 
a cell (e.g. a gamete) or a microorganism in 
response to an external stimulus. Certain 
microorganisms have a light-sensitive region 
that enables them to move towards or away 
from high light intensities (positive and neg- 
ative phototaxis respectively). Many bacteria 
move in response to chemical stimuli (chem- 
otaxis) a specific example is aerotaxis, in 
which atmospheric oxygen is the stimulus. 
Tactic movements are restricted to cells that 
possess cilia, flagella, or some other means 
of locomotion. The term is usually not ap- 
plied to the movements of higher animals. 
Compare kinesis; tropism. 


taxon Any named taxonomic group of any 
*rank in the hierarchical *classification of 
organisms. Thus the taxa Papilionidae, 
Lepidoptera, Insecta, and Arthropoda are 
named examples of a family, order, class, 
and phylum, respectively. 


taxonomy The study of the theory, prac- 
tice, and rules of *classification of living 
and extinct organisms. The naming, descrip- 
tion, and classification of a given organism 
draws on evidence from a number of fields. 
Classical taxonomy is based on morphology 
and anatomy. Biochemical taxonomy studies 
similarities in the structure of certain pro- 
teins and nucleic acids. Cytotaxonomy com- 
pares the size, shape, and number of chro- 


TCA CYCLE 


mosomes of different organisms. Numerical 
taxonomy uses mathematical procedures to 
assess similarities and differences and estab- 
lish taxonomic groups. See also systematics. 


TCA cycle See Krebs cycle. 


Teleostei The major subclass of the *Os- 
teichthyes (bony fish), containing about 
20000 species. Teleosts have colonized an 
extensive variety of habitats and show great 
diversity of form. The group includes the 
ecl, seahorse, plaice, and salmon. They have 
been the dominant fish since the Cretaceous 
Period (about 70 million years ago). 


tendon A thick strand or sheet of tissue 
that attaches a muscle to a bone. Tendons 
consist of *collagen fibres and are therefore 
inelastic: they ensure that the force exerted 
by muscular contraction is transmitted to 
the relevant part of the body to be moved, 


tera- Symbol T. A prefix used in the metric 
system to denote one million million times. 
For example, 10'? volts = 1 teravolt (TV). 


terpenes A group of unsaturated hydrocar- 
bons present in plants (see essential oil). 
Terpenes consist of isoprene units, CH;:C 
(CH,)CH:CH,. Monoterpenes have two 
units, C,gH,,, sesquiterpenes three units, 
C5 H34, diterpenes four units, Czo H32, etc. 


territory A fixed area that an animal or 
group of animals defends against intrusion 
from others of its species. Outside the tero 
tory (which may contain food sources, hid- 
ing places, and nesting sites) others are not 
threatened. Many mammals indicate their 
territory boundaries with scent markings, 
while birds sing territorial songs that repel 
would-be intruders. Animals in neighbouring 
territories normally respect each other's 
boundaries, which reduces overt “aggression. 
Some animals are territorial only at certain 
times of the year, usually the breeding 5c2- 
son (see courtship). 


Tertiary The older geological period of the 
Cenozoic era (compare Quaternary). It began 
about 65 million years ago, following the 
Cretaceous period, and extended to the be- 
ginning of the Quaternary, about 2 million 
years ago. It is subdivided into the 
"Palaeocene, *Eocene, *Oligocene, *Mio- 
cene, and *Pliocene epochs in ascending of 
der. The Tertiary period was charact 

by the rise of the modem mammals and the 
development of shrubs, grasses, and otbef 
flowering plants. 


testa (seed coat) The lignified or fibrous 
protective covering of a seed that develops 
from the integuments of the ovule after fcf 
tilization. See also hilum; micropyle. 

test cross See back cross. 


testicle See testis. 


| 


bladder 


vas 
deferens 


seminal. 
vesicle 


scrotum 


Human male reproductive system 


testis (testicle) The reproductive organ in 
male.animals in which spermatozoa are pro- 
duced. In vertebrates there are two testes; 
as well as sperm, they produce steroid hor- 
mones (see androgen). In most animals the 
testes are within the body cavity but in 
mammals, although they develop within the 
body near the kidneys, they come to hang 
Outside the body cavity in a *scrotum. Most 
Of the vertebrate iestis is made up of a 
mass of seminiferous tubules, in which the 
Sperms develop. It is connected to the 
Outside by means of the *vas deferens. 


testosterone The principal male sex hor- 
mone. See androgen. 


tetrad A group of four *haploid cells 
formed at the end of the second division of 


“meiosis. 


fetrapod A vertebrate animal with four 
limbs. Tetrapods include amphibians, rep- 
tiles, birds, and mammals. The skeleton of 
the limbs of all tetrapods is based on the 


Same five-digit pattern 1 
ln) git pati (see pentadactyl 


thalamus 1. (in anatomy) Part of the verte- 
rate “forebrain that lies above the hypo- 
thalamus. It relays sensory information to 
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the cerebral cortex and is also concerned 
with the translation of impulses into con- 
scious sensations. 2. (in botany) See recep- 
tacle. 


Thallophyta A former division of the plant 
kingdom containing relatively simple plants, 
ie. those with no leaves, stems, or roots. It 
included the ‘algae, “bacteria, *fungi, and 
lichens (see Lichenes). Compare Protista. 


thallus A relatively undifferentiated plant 
body with no true roots, stems, leaves, or 
vascular system. It is found in the algae, 
lichens, and bryophytes and in the gameto- 
phyte generation of pteridophytes. 


theca See capsule. 


A medical technique that 
makes use of the infrared radiation from the 
human skin to detect an area of elevated 
skin temperature that could be associated 
with an underlying cancer. The heat radi- 
ated from the body varies according to the 
local blood flow, thus an area of poor circu- 
lation produces less radiation. A tumour, on 
the other hand, has an abnormally increased 
blood supply and is revealed on the thermo- 
gram (or thermograph) as a ‘hot spot’. The 
technique is used particularly in mam- 
mography, the examination of the infrared 
radiation emitted by human breasts in order 
to detect breast cancer. 


thermoluminescence Luminescence pro- 
duced in a solid when its temperature is 
raised. It arises when free charge carriers, 
trapped in a solid as a result of exposure to 
ionizing radiation, unite and emit photons 
of light. The process is made use of in 
thermoluminescent dating, which assumes 
that the number of charge carriers trapped 
in a sample of pottery is related to the 
length of time that has elapsed since the 
pottery was fired. By comparing the lumi- 
nescence produced by heating a piece of 
pottery of unknown age with the lumines- 


THERMOLUMINESCENT DATING 


cence produced by heating similar materials 
of known age, a fairly accurate estimate of 
the age of an object can be made. 


thermoluminescent dating See thermo- 
luminescence. 


thiamin(e) See vitamin B complex. 


thigmotropism ^ (haptotropism) The 
growth of an aerial plant organ in response 
to localized physical contact. For example, 
when a tendril of sweet Pea touches a sup- 
porting structure, it curves in the direction 
of the support and coils around it. See tro- 
pism. 


thin-layer chromatography A technique 
for the analysis of liquid mixtures using 
"chromatography. The stationary phase is a 
thin layer of an absorbing solid (e.g. alumi- 
na) prepared by Spreading a slurry of the 
solid on a plate (usually glass) and drying it 
in an oven. A spot of the mixture to be 
analysed is placed near one edge and the 
plate is stood Upright in a solvent. The sol- 
vent rises through the layer by capillary ac- 
tion carrying the components up the plate 
at different rates (depending on the extent 
to which they are absorbed by the solid). 
After a given time, 
the location of Spots 


noted. It is possible to 
identify constituents 


of the mixture by the 
distance moved in a given time. The tech- 
nique needs careful control of the thickness 
of the layer and of the temperature. 


cava. 


the “lumbar vertebrae and are distingui: 
by a number of articulating facets for at- 


tachment of the ribs. In man there are 12 
thoracic vertebrae. 


thorax The anterior region of the body 
trunk of animals. In vertebrates it contains 
the heart and lungs within the rib cage. It is 
Particularly well-defined in mammals, being 
separated from the *abdomen by the edia- 
phragm. In insects the thorax is divided into 
an anterior prothorax, a middle mesothorax, 
and a posterior metathorax, cach of which 
bears a pair of legs; the hindmost two seg- 
aisin pO cay Apai of voa 
othér arthropods, especially crustaceans an 
arachnids, the thorax is fused with the head 
to form a cephalothorax. 


thorn A hard side stem with a sharp point 
at the tip, replacing the growing point. In 
some plants the development of thorns and 
subsequent suppression of the growing 
Points may be a response to dry conditions. 
Examples are the thorns of gorse and haw- 
thorn. Compare prickle; spine. 


thread cell (nematoblast; cnidoblast) A 
specialized cell found only in the ectoderm 
of the *Coelenterata. It contains a nemato- 
oyst, a fluid-filled sac within which lies & 
long hollow coiled thread. When a small 
Sensory projection (cnidocil) on the surface 
of the thread cell is touched, eg. by prey; 
the thread is shot out and adheres to the 
Prey, coils round it, or injects poison into it. 
Numerous thread cells on the tentacles of 
jellyfish produce their sting. 


threonine See amino acid. 

threshold (in physiology) The minimum in: 
tensity of a stimulus that is necessary to ini- 
tiate a response. 

thrombin An enzyme that catalyses the 


conversion of fibrinogen to fibrin. See clot- 
ting factors. 


thrombocyte See platelet. 
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thymine A *pyrimidine derivative and one 
of the major component bases of *nucleo- 
tides and the nucleic acid *DNA. 


thymus An organ, present only in 
vertebrates, that is concerned with develop- 
ment of *lymphoid tissue and hence the an- 
tibody-producing white blood cells (lympho- 
cytes) and the ‘immune response. In 
mammals it is a bilobed organ in the region 
of the lower neck, above and in front of the 
heart. It shrinks in size after sexual maturity 
and is therefore believed to function only 
during carly life, 


thyrocalcitonin See calcitonin. 


thyroid gland A bilobed endocrine gland 
in vertebrates, situated in the base of the 
neck. It secretes two iodine-containing hor- 
mones, thyroxine and triiodotyrosine, which 
control the rate of all metabolic processes in 
the body and influence physical develop- 
ment. Growth and activity of the thyroid is 
Controlled by a hormone, thyrotrophin (or 
thyroid-stimulating hormone), secreted by the 
anterior “pituitary gland. 


thyroxine The principal hormone of the 
"thyroid gland. 


tibia 1. The larger of the two bones of the 
lower hindlimb of terrestrial vertebrates 
(compare fibula). It articulates with the *fe- 
mur at the knee and with the *tarsus at the 
ankle, The tibia is the major load-bearing 
bone of the lower leg. 2. The fourth seg- 
ment of an insect's leg, which is attached to 
the femur. 


time-lapse photography A form of ciné 
Photography used to record a slow process, 
Such as plant growth. A series of single ex- 
Posures of the object is made on ciné film 
at predetermined regular intervals. The film 
Produced is then projected at normal speeds 
and the process appears to be taking place 
at-a most unusual rate. 


237 


TOLLEN’S REAGENT 


tissue A collection of similar cells organ- 
ized to carry out one or more particular 
functions. For example, in animals nervous 
tissue i$ specialized to perceive and transmit 
stimuli. An organ, such as a lung or kidney, 
contains many different types of tissues. 


tissue culture The growth of the tissues of 
living organisms outside the body in a suit- 
able culture medium. Culture (or nutrient) 
media contain a mixture of nutrients either 
in solid form (e.g. in *agar) or in liquid 
form (eg. in *physiological saline). Tissue 
culture has proved to be invaluable for 
gaining information about factors that con- 
trol the growth and differentiation of cells. 
See also explantation. 


titre 1. The number of infectious virus par- 
ticles present in a suspension. 2. A measure 
of the amount of *antibody present in a 
sample of serum, given by the highest dilu- 
tion of the sample that results in the forma- 
tion of visible clumps with the appropriate 
antigen (see agglutination). 


toads See Amphibia. 


tobacco mosaic virus (TMV) A rigid 
rod-shaped RNA-containing virus that 
causes distortion and blistering of leaves in 
a wide range of plants, especially the tobac- 
co plant. It is transmitted by insects when 
they feed on plant tissue. TMV was the first 
virus to be discovered. 


tocopherol See vitamin E. 


Tollen's reagent A reagent used in testing 
for aldehydes. It is made by adding sodium 
hydroxide to silver nitrate to give silver(T) 
oxide, which is dissolved in aqueous ammo- 
nia (giving the complex ion [Ag(NH;);] *). 
The sample is warmed with the reagent in a 
test tube. Aldehydes reduce the complex 
Ag* ion to metallic silver, forming a bright 
silver mirror on the inside of the tube 


TOMOGRAPHY 


(hence the name silver-mirror test). Ketones 
give a negative result. 


tomography The use of X-rays to photo- 
graph a selected plane of a human body 
with other planes eliminated. The CAT 
(computerized axial tomography) scanner is a 
ring-shaped X-ray machine that rotates 
through 180° around the horizontal patient, 
making numerous X-ray measurements every 
few degrees. The vast amount of informa- 
tion acquired is built into a three-dimen- 
sional image of the tissues under examina- 
tion by the scanner's own computer. The 
patient is exposed to a dose of X-rays only 
some 20% of that used in a normal diagnos- 
tic X-ray. 


tone (tonus) The state of sustained tension 
in muscles that is necessary for the mainte- 
nance of posture. In a tonic muscle contrac- 
tion, only a certain proportion of the mus- 
cle fibres are contracting at any given time; 
the rest are relaxed and recovering for sub- 
sequent contractions. The fibres involved in 
tone contract more slowly than the fast fib- 
res used for rapid responses by the same 
muscle. The proportions of slow and fast 


fibres depends on the function of the mus- 
cle, 


tongue A muscular organ of vertebrates 


that in most species is attached to the floor 
of the mouth. It pla 


tonsil A mass of “lymphoid tissue, several 
of which are situa 


ted at the back of the 
mouth and throat in higher vertebrates. In 
humans there are the Palatine tonsils at the 
back of the mouth, lingual tonsils below the 
tongue, and pharyngeal tonsils (or adenoids) 
in the pharynx. They are concerned with the 
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Production of *lymphocytes and therefore 
with defence against infection. 


tonus See tone. 


tooth Any of the hard structures in 
vertebrates that arc used principally for bit- 


pulp cavity vit 
supply 


Section through an incisor tooth 


ing and chewing food but also for attack, 
grooming, and other functions. In fish and 
amphibians the teeth occur all over the pal- 
ate, but in higher vertebrates they are con- 
centrated on the jaws. They evolved in car- 
tilaginous fish as modified placoid *scales, 
and this is reflected in their structure: à 
body of bony *dentine with a central *pulp 
cavity and an outer covering of *enamel on 
the exposed surface (crown). The portion of 
the tooth embedded in the jawbone is the 
root (see illustration). 

In mammals there are four different types 
Of teeth, specialized for different functions 
(see canine; incisor; molar; premolar). Their 
number varies with the species (see dental 
formula). See also deciduous teeth; perma- 
nent teeth. 


torus See Teceptacle, 


toxin A poison produced by a living organ- 
ism, especially a bacterium, An endotoxin is 
released only when the bacterial cell dies OF 
disintegrates. An exotoxin is secreted by? 
bacterial cell into the surrounding medium- 


In the body a toxin acts as an “antigen, 
Producing an *immune response. 


trace element See essential element. 
trace fossil See fossil. 


trachea 1. The windpipe in air-breathing 
Vertebrates; a tube that conducts air from 
the throat to the *bronchi. It is strength- 
ened with incomplete rings of cartilage. 2. 
An air channel in insects and most other 
terrestrial arthropods. Tracheae occur as in- 
growths of the body wall. They open to the 
exterior by spiracles and branch into finer 
channels (tracheoles) that terminate in the 
tissues. Pumping movements of the abdomi- 
nal muscles cause air to be drawn into and 
Out of the tracheae. 


tracheid A type of cell occurring within the 

xylem of conifers, ferns, and related plants. 
Tracheids are clongated and their walls are 
usually extensively thickened by deposits of 
lignin. Water flows from one tracheid to an- 
Other through unthickened regions (pits) in 
the cell walls. Compare vessel element. 


Tracheophyta A group (division) of the 
plant kingdom containing all plants possess- 
ing organized *vascular tissue. This classifi- 
cation is an alternative to other classifica- 
gons, which divide vascular plants into the 
Pteridophyta and "Spermatophyta. The 
Tracheophyta comprises the subdivisions 
Psilopsida (mostly extinct), *Lycopsida, 
Sphenopsida, and *Pteropsida. 


acing (radioactive tracing) See label- 
8- 


transamination A biochemical reaction in 
Amino acid metabolism in which an amine 
Emp is transferred from an amino acid to 
i keto acid to form a new amino acid and 
eto acid. The coenzyme required for this 
Teaction is pyridoxal phosphate. 


TRANSLOCATION 


transcription The process in living cells in 
which the genetic information of *DNA is 
transferred to a molecule of messenger 
*RNA (mRNA) as the first step in “protein 
synthesis (see also genetic code). Transcrip- 
tion takes place in the cell nucleus or nucle- 
ar region. An enzyme (transcriptase) pro- 
ceeds along the DNA strand and assembles 
the nucleotides necessary to form a comple- 
mentary strand of mRNA. Compare transla- 
tion. 


transect A straight line across an expanse 
of ground along which ecological measure- 
ments are taken, continuously or at regular 
intervals. Thus an ecologist wishing to study 
the numbers and types of organisms at dif- 
ferent distances above the low-tide line 
might sample at five-metre intervals along a 
number of transects perpendicular to the 
shore. 


transfer RNA See RNA. 
transition zone See hypocotyl. 


translation The process in living cells in 
which the genetic information encoded in 
messenger *RNA (mRNA) in the form of a 
sequence of base triplets (*codons) is trans- 
lated into a sequence of amino acids in a 
polypeptide chain during *protein syrithesis. 
Translation takes place on *ribosomes in 
the cell cytoplasm. The ribosomes move 
along the mRNA ‘reading’ each codon in 
turn. Molecules of transfer RNA (tRNA), 
each bearing a particular amino acid, are 
brought to their correct positions along the 
mRNA molecule: base pairing occurs be- 
tween the bases of the codons and the com- 
plementary base triplets of tRNA. In this 
way amino acids are assembled in the cor- 
rect sequence to form the polypeptide chain. 


translocation The movement of minerals 
and chemical compounds within a plant. 
There are two main processes. The first is 
the uptake of soluble minerals from the soil 
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(b) 


growing 
polypeptide chain 


(e) 


The stages of translation in Protein synthesis 
and their passage upwards from the roots to 
Various organs by means of the water-con- 
xylem). The Second is the 


transfer of organic compounds, synthesized 
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by the leaves, both upwards and downwards 
to various organs, particularly the growing 
points. This movement occurs within the 
*phloem tubes. 


transmission electron microscope See 
electron microscope. 


transpiration The loss of water vapour by 
plants to the atmosphere. It occurs mainly 
from the leaves through pores (stomata) 
whose primary function is gas exchange. 
The water is replaced by a continuous col- 
umn of water moving upwards from the 
roots within the *xylem vessels. See also po- 
tometer. 


transplantation See graft. 


transplantation antigen See antigen; HL- 
A system. 


Trematoda A class of parasitic flatworms 
(see Platyhelminthes) comprising the flukes, 
Such as Fasciola (liver fluke). Flukes have 
Suckers and hooks to anchor themselves t0 
the host and their body surface is cov 

by a protective cuticle, The whole life cycle 
may either occur within one host or require 
One or more intermediate hosts to transmit 
the infective eggs or larvae. Fasciola hepati- 
ca, for example, undergoes larval develop- 
ment in a land snail (the intermediate host) 
and infects sheep (the primary host) whe® 
contaminated grass containing the larvae 1$ 
swallowed. 


Triassic The earliest period of the Mesoze- 
ic era. It began about 225 million years 28^ 
following the Permian, the last period of tbe 
Palaeozoic era, and extended until abou! 
190 million years ago when it was sut 

by the Jurassic. It was named, by F. VOP 
Alberti in 1834, after the sequence of three 
divisions of strata that he studied in cen 

y Bunter, Muschelkalk, 8? 

Keuper. The Triassic rocks are frequently 
difficult to distinguish from the underlying 


Permian strata and the term New Red Sand- 
Stone is often applied to rocks of the Permo- 
Triassic. During the period marine animals 
diversified: molluscs were the dominant in- 
vertebrates -ammonites were abundant and 
bivalves replaced the declining brachiopods. 
Reptiles were the dominant vertebrates and 
included turtles, phytosaurs, dinosaurs, and 
the marine ichthyosaurs. 


tribe A category used in the *classification 
of plants and animals that consists of sever- 
al similar or closely related genera within a 
family. For example the Bambuseae, 
Oryzeae, Paniceae, and Aveneae are tribes 
of grasses, 


tricarboxylic acid cycle See Krebs cycle. 


trichome A hairlike projection from a plant 
epidermal cell. Examples include root hairs 
and the stinging hairs of nettle leaves. 


tricuspid valve A valve, consisting of three 
flaps, situated between the right atrium and 
the right ventricle of the mammalian heart. 
When the right ventricle contracts, forcing 
blood into the pulmonary artery, the tricus- ` 
Pid valve closes the aperture to the atrium, 
lhereby preventing any backflow of blood. 
The valve reopens to allow blood to flow 
from the atrium into the ventricle. Compare 
mitral valve. 


triglyceride (triacylglycerol) An ester of 
glycerol (propane-1,2,3-triol) in which all 
three hydroxyl groups are esterified with a 
fatty acid. Triglycerides are the major con- 
Stituent of fats and oils and provide a con- 
centrated food energy store in living organ- 
Isms as well as cooking fats and oils, 
Margarines, soaps, etc. Their physical and 
chemical Properties depend on the nature of 
their constituent fatty acids. In simple tri- 
Slycerides all three fatty acids are identical; 
in mixed triglycerides two or three different 
fatty acids are present. 
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trilobite An extinct marine arthropod be- 
longing to the class Trilobita (some 4000 
species), fossils of which are found in de- 
posits dating from the Precambrian to the 
Permian period (590-280 million years ago). 
Trilobites were typically small (1-7 cm 
long); the oval flattened body comprised a 
head (covered by a semicircular dorsal 
shield) and a thorax and abdomen, which 
were protected by overlapping dorsal plates 
with a raised central part and flattened lat- 
eral portions, presenting a three-lobed ap- 
pearance. The head bore a pair of antenna- 
like appendages and a pair of compound 
eyes; nearly all body segments bore a pair 
of Y-shaped (biramous) appendages — one 
branch for locomotion and the other fringed 
for respiratory exchange. Trilobites were 
bottom-dwelling scavengers. 


triploblastic Describing an animal having a 
body composed of three embryonic cell lay- 
ers: the *ectoderm, *mesoderm, and *endo- 
derm. Most multicellular animals are triplo- 
blastic; the  coelenterates, which are 
*diploblastic, are an exception. 


tritiated compound See labelling. 


trochanter 1. Any of several bony knobs 
on the femur of vertebrates to which mus- 
cles are attached. 2. The second segment of 
an insect’s leg, between the *coxa and the 
“femur. 


trophic level The position that an organ- 
ism occupies in a *food chain. For example, 
green plants (which obtain their energy di- 
rectly from sunlight) are the primary *pro- 
ducers; herbivores are primary *consumers 
(and secondary producers). A camivore that 
eats only herbivores is a secondary consum- 
er and a tertiary producer. Many animals 
feed at several different trophic levels. 


tropism The directional growth of a plant 
organ in response to an external stimulus, 
such as light, touch, or gravity. Growth to- 


TRYPSIN 


wards the stimulus is a positive tropism; 
growth away from the stimulus is a negative 
tropism. See also geotropism; hydrotropism; 
orthotropism; phototropism; plagiotropism; 
thigmotropism. Compare nastic movements; 
taxis. 


trypsin An enzyme that digests proteins 
(see protease). It is secreted in an inactive 
form (trypsinogen) by the pancreas into the 
duodenum. There, trypsinogen is acted on 
by an enzyme (enterokinase) produced in the 
duodenum to yield trypsin. The active en- 
zyme plays an important role in the diges- 
tion of proteins in the anterior Portion of 
the small intestine. 


tryptophan See amino acid, 


tuber A swollen underground stem or root 
in certain plants. It enables the plant to sur- 
vive the winter or dry season and is also a 
means of propagation. A stem tuber, such as 
the potato, forms at the end of an under- 
ground stem. Each tuber represents several 
nodes and internodes. The following season 
several new plants develop from the termi- 
nal and axillary buds (eyes). Root tubers, 


Such as those of the dahlia, are modified 
food-storing adventitious roots and may also 
Bve rise to new plants, 


Turbellaria A of free-living flatworms 
(ee Platyhelminthes) comprising the planari- 


the protoplasm against the cell wall. In this 
condition the osmotic pressure forcing water 
in is balanced by pressure exerted by the 
cell wall. Turgidity assists in maintaining 
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the rigidity of plants; a decrease in turgidity 
leads to wilting. Compare plasmolysis. 


turion 1. A winter bud, covered with scale 
leaves and mucilage, that is produced by 
certain aquatic plants, such as frogbit. Tu- 
rions become detached and remain dormant 
on the pond or lake bottom during the win- 
ter before developing into new plants the 
following season. 2. See sucker. 


tympanic cavity See middle car- 


tympanum (eardrum) The membrane that 
Separates the *outer ear from the *middle 
car. It vibrates in response to sound waves 
and transmits these vibrations via the *ear 
ossicles of the middle ear to the site of 
hearing (the *cochlea of the *inner car). In 
amphibians and some reptiles there is no 
external ear and the tympanum is exposed 
at the skin surface. 


type specimen The specimen used for 
naming and describing a “species or subspe- 
cies. If this is the original specimen collect- 
ed by the author who named the species it 
is termed a holotype. The type specimen is 
not necessarily the most characteristic repre- 
sentative of the species. The term rype is al- 
50 used of any taxon selected as being rep- 
resentative of the rank to which it belongs. 
For example, the genus Solanum (potato) is 
Said to be the type genus of the family So- 
lanaceae, 


tyrosine See amino acid, 
U 


ubiquinone See coenzyme Q. 


ulna The larger of the two bones in the 
forearm of vertebrates (compare radius). It 


articulates with the outer carpals at the 
wrist and with the humerus at the elbow. 


ultracentrifuge A high-speed centrifuge 
used to measure the rate of sedimentation 
Of colloidal particles or to separate 
macromolecules, such as proteins or nucleic 
Acids, from solutions. Ultracentrifuges are 
electrically driven and are capable of speeds 
up to 60000 rpm. 


uli A form of microscope 
that reveals the presence of particles that 
cannot be seen with a normal optical micro- 
Scope. Colloidal particles, smoke particles, 
etc., are suspended in a liquid or gas in a 
Cell with a black background and illuminat- 
ed by an intense cone of light that enters 
the cell from the side and has its apex in 
the field of view. The particles then produce 
diffraction-ring systems, appearing as bright 
Specks on the dark background. 


ultramicrotome See microtome. 


ultrasonics The study and use of pressure 
Waves that have a frequency in excess of 
20000 Hz and are therefore inaudible to the 
human ear. Ultrasound is used in medical 
mamots particularly in conditions such as 
regnancy, in which X-rays could have a 
harmful effect. Ke 


ultrastructure The submicroscopic, almost 
Molecular, structure of living cells, which is 
revealed by the use of an electron micro- 


ultraviolet mi A *microscope that 
has quartz lenses and slides and uses *ultra- 
Violet radiation as the illumination. The use 
Of shorter wavelengths than the visible range 
eas the instrument to resolve smaller 
objects and to provide greater magnification 
than the normal optical microscope. The fi- 
~ image is either photographed or made 
Visible on a fluorescent screen by means of 
an image converter. 
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UNGULIGRADE 


ultraviolet radiation (UV) Electromagnet- 
ic radiation having wavelengths between 
that of violet light and long X-rays, i.e. be- 
tween 400 nanometres and 4 nm. In the 
range 400—300 nm the radiation is known 
as the near ultraviolet. In the range 300—200 
nm it is known as the far ultraviolet. Below 
200 nm it is known as the extreme ultra- 
violet or the vacuum "ultraviolet, as absorp- 
tion by the oxygen in the air makes the use 
of evacuated apparatus essential. The sun is 
a strong emitter of UV radiation but only 
the near UV reaches the surface of the 
earth as the ozone in the atmosphere ab- 
sorbs all wavelengths below 290 ma. 

Most UV radiation for practical use is 
produced by various types of mercury- 
vapour lamps. Ordinary glass absorbs UV 
radiation and therefore lenses and prisms 
for use in the UV are made from quartz. 


umbel A type of *racemose inflorescence in 
which stalked flowers arise from the same 
point on the flower ‘axis, resembling the 
spokes of an umbrella. An involucre (clus- 
ter) of bracts may occur at the point where 
the stalks emerge. This arrangement is char- 
acteristic of the family Umbelliferae (e.g. 
carrot, hogweed, parsley, parsnip), in which 
the inflorescence is usually a compound um- 
bel. 


umbüical cord The cord that connects the 
embryo to the *placenta in mammals. It 
contains a vein and two arteries that carry 
blood between the embryo and placenta. It 
is severed after birth to free the newly born 
animal from the placenta, and shrivels to 
leave a scar, the navel, on the animal. 


ungulate A herbivorous mammal with 
hoofed feet (see unguligrade). Ungulates are 
grouped.into two orders: *Artiodactyla and 
*Perissodactyla. 

unguligrade Describing the gait of ungu- 


lates (e.g. horses and cows), in which only 
the tips of the digits (i.c. the hooves) are on -~ 


UNICELLULAR 


the ground and the rest of the foot is off 
the ground. Compare digitigrade; planti- 
grade. 


unicellular Describing tissues, organs, or 
organisms consisting of a single cell. For ex- 
ample, the reproductive organs of some al- 
gae and fungi are unicellular. Unicellular or- 
ganisms, eg. bacteria, Protozoans, and 
certain algae and fungi, are sometimes 
placed in a separate kingdom, the *Protista. 
Compare acellular; multicellular, 


unisexual Describing animals or plants 
with either male or female reproductive or- 
Bans but not both. Most of the more ad- 
vanced ‘animals are unisexual but plants are 
often *hermaphrodite. Flowers that contain 


either stamens or carpels but not both are 
also described as unisexual. See also monoe- 
cious; dioecious. 


unit A specified measure of 
quantity, such as length, mass, time, etc, 
Specified multiples of which are used to ex- 
Press magnitudes of that physical quantity. 
For scientific Purposes previous systems of 
units have now been Teplaced by *SI units. 


a physical 


uracil A *pyrimidine derivative and one of 
the major component bases of *nucleotides 
and the nucleic acid *RNA. 


uranium: 


topes uranium-238 to 
5 X 10° years) or the 
235 to lead-207 (half- 
years). One form of urani- 
depends on 


lead-206 (half-life 4. 
decay of uranium— 
life 7.1 x 108 
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lead (??^Pb) These methods give rela 
results for ages of the order 107— 10? years. 


urea (carbamide) A white crystalline 
water-soluble solid, CO(NH;),. Urea às the 
major end product of nitrogen excretion in 
mammals, being synthesized by the *urea 
cycle. Urea is synthesized industrially from 
ammonia and carbon dioxide for use in 
urea—formaldehyde resins and pharmaceuti- 
cals, as a source of nonprotein nitrogen for 
Tuminant livestock, and as a nitrogen fertil- 
izer. 


urea cycle (ornithine cycle) The series of 
biochemical reactions that converts Qn 
nia to *urea during the excretion of meta 
bolic nitrogen. Urea formation occurs p 
mammals and, to a lesser extent, in some 
other animals. The liver converts ammora 
to the much less toxic urea, which is excret: 
ed in solution in *urine. 


ureter The duct in vertebrates that conveys 
urine from the *kidney to the *bladder. 


urethra The duct in mammals that eun, 
urine from the *bladder to be discharged 
the outside of the body. In males the ure 
thra passes through the penis and is j 

by the *vas deferens; it therefore also serves 
as a channel for sperm. 


uric acid The end product of purine break 
down in most primates, birds, termes 
reptiles, and insects and also (except in Pf 
mates) the major form in which 

nitrogen is encrcted, Being fairly insoluble 
uric acid can be expelled in solid form 
Which conserves valuable water in arid €? jn 
Tonments. The accumulation of uric acid 
the synovial fluid of joints causes gout- 


urine The aqueous fluid formed by the % 
cretory organs of animals for the removal 
Metabolic waste products. In higher animis 
urine is produced by the "kidneys, stored ir 
the *bladder, and excreted through 


“urethra or *cloaca. Apart from water, the 
major constituents of urine are one or more 
of the end products of nitrogen metabolism 
- ammonia, urea, uric acid, and creatinine. 
Tt may also contain various inorganic ions, 
the Pigments urochrome and urobilin, amino 
acids, and purines. Precise composition de- 
Pends on many factors, especially the habi- 
tat of a particular species: aquatic animals 
Produce copious volumes; terrestrial animals 
need to conserve water and produce much 
less (about 1.0-1.5 litres per day in 
humans), 


uriniferous tubule See nephron. 


uterus (womb) The organ of female mam- 
mals in which the embryo develops. Paired 
in most mammals but single in humans, it 
15 situated between the bladder and rectum 
and is connected to the *fallopian tubes and 
to the ‘vagina. The lining shows cyclical 
changes (see menstrual cycle; oestrous cycle) 
associated with egg production and provides 
a thick spongy layer in which the fertilized 
£88 becomes embedded. The outer wall of 
the uterus is thick and muscular; by con- 
tracting, it forces the fully grown fetus 
through the vagina to the outside. 


utriculus (utricle) A chamber of the *in- 
ner ear from which the *semicircular canals 
arise. It bears patches of sensory epithelium 
Concerned with detecting changes in the di- 
rection and speed of movement (see macula) 


UV See ultraviolet radiation. 


V 


Vaccination See immunization. 
Yaccirie A liquid preparation of treated dis- 
ase-producing microorganisms or their 
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VALVE 


products used to stimulate an *immune re- 
sponse in the body and so confer resistance 
to the disease (see immunization). Vaccines 
are adnfinistered orally or by injection (inoc- 
ulation). They take the form of dead viruses 
or bacteria that can still act as antigens, live 
but weakened microorganisms (see attenua- 
tion), specially treated *toxins, or antigenic 
extracts of the microorganism. 


vacuole A space within the cytoplasm of a 
living *cell that is filled with air, water or 
other liquid, sap, or food particles. In plant 
cells there is usually one large vacuole; 
animal cells usually have several small ones. 
See also contractile vacuole. 


vagina The tube leading from the uterus to 
the outside. Sperm are deposited in the va- 
gina during copulation and the fully devel- 
oped fetus is born through it. In a number 
of mammals the vagina may be sealed when 
the animal is not sexually receptive and 
only open during oestrus, Its lining produc- 
es mucus, which prevents friction and the 
entry of infective organisms. 


vagus nerve The tenth cranial nerve: a 
paired nerve that supplies branches to many 
major internal organs. It carries motor nerve 
fibres to the heart, lungs, and viscera and 
sensory fibres from the viscera. 


valine See amino acid. 


valve 1. (in anatomy) Any of various struc- 
tures for restricting the flow of a fluid 
through an aperture or along a tube to one 
direction. Valves in the heart (see mitral 
valve; tricuspid valve), veins, and lymphatic 
vessels consist of two or three flaps of tissue 
(cusps) fastened to the walls. The cusps are 
flattened to the walls to allow the normal 
passage of blood or lymph, but a reverse 
flow causes them to block the vessel or ap- 
erture, so preventing further backflow. 2. (in 
botany) a. Any of the parts that make up a 
capsule or other dry fruit that sheds its 


VARIATION 


seeds. b. One of the two halves of the cell 
wall of a diatom. 


variation The differences between individu- 
als of a plant or animal species. Variation 
may be the result of environmental condi- 
tions; for example, water supply and light 
intensity affect the height and leaf size of a 
plant. Differences of this kind, acquired 
during the lifetime of an individual, are not 
transmitted to succeeding generations since 
the genes are not affected. Variations due to 
differences in genetic constitution are inher- 
ited’ (see continuous variation; discontinuous 
variation). Wide genetic variation improves 
the ability of a species to survive in a 
changing environment, since the chances 
that some individuals will tolerate a Particu- 
lar change are increased. Such individuals 
will survive and transmit the advantageous 
genes to their offspring. 


variety A category used in the *classifica- 
tion of plants and animals below the *spe- 
cies level. A variety consists of a group of 
individuals that differ distinctly from but 
can interbreed with other varieties of the 
same species, The characteristics of a variety 
are genetically inherited. Examples of vari- 
eties include breeds of domestic animals and 
the *races of man. See also cultivar. Com- 


Pare subspecies. 


varve ) An abso- 
lute *dating technique using thin sedimenta- 
Ty layers of clays called varves. The varves, 
Which are particularly common in Scandina- 
via, have alternate light and dark bands cor- 


vascular bundle (fascicle) A long continu- 
ous strand of conducting (vascular) tissue in 
seed plants and pteridophytes that extends 
from the roots through the stem and into 
the leaves. It consists of *xylem and *phlo- 
em, which are separated by a "cambium in 
plants that undergo secondary thickening. 
See vascular system; vascular tissue. 


vascular cambium See cambium. 


vascular plants All plants possessing Of- 
ganized *vascular tissue. They may be 
grouped in a single division, the *Trache- 
ophyta, or separated into two divisions, the 
*Pteridophyta and *Spermatophyta. 


vascular system 1. A specialized network 
Of vessels for the circulation of fluids 
throughout the body tissues of an aU 
All animals, apart from protozoans an 
other simple invertebrate groups, possess à 
blood vascular system, which enables the pas- 
sage of respiratory gases, nutrients, excreto- 
Ty products, and other metabolites into and 
Out of the cells. In vertebrates it consists of 
à muscular -*heart, which pumps blood 
through major blood vessels (*arteries) into 
increasingly finer branches until in the 
“capillaries it is in intimate contact with tis- 
Sues. It then returns to the heart via another 
network of vessels (the *veins). This circula- 
tion also enables a stable *internal environ” 
ment for tissue function (see homeostasis): 
the transmission of chemical messenger 
(*hormones) around the body, and a means 
of defending the body against pathogens 
and damage via the immune system (see i 
mune response). See illustration. R 
A water vascular system is characteristic © 
the *Echinodermata. 
2. The system of *vascular tissue in plants 


Vascular tissue (vascular system) TH 
tissue that conducts water and nutie 
through the plant body in higher pisse 
(ferns and seed plants). It consists of "*. 
lem and *phloem. Since the xylem a 


VASOCONSTRICTION 


pulmonary 
vein 


aorta 


Pulmonary artery 


left atrium 


right atrium 


right ventricle 


[LL = oxygenated blood 
= deoxygenated blood 
—— = direction of blood flow 
Blood vascular system of a mammal 


Phloem tissues are always in close proximity 
to each other, distinct regions of vascular 
tissue can be identified (see vascular bun- 
dle). The possession of vascular tissue has 
enabled the higher plants to attain a consid- 
erable size and dominate most -terrestrial 
habitats. 


Vas deferens One of a pair of ducts carry- 
"8 sperm from the testis (or *epididymis) 
'o the outside, in ‘mammals through the 
“urethra, 


left ventricle 


hepatic portal 
vein 


vas efferens Any of various small ducts 
carrying sperm. In reptiles, birds, and mam- 
mals they convey sperm from the seminifer- 
ous tubules of the testis to the *epididymis; 
in invertebrates they carry sperm from the 
testis to the vas deferens. 


vasoconstriction The reduction in the in- 
ternal diameter of blood vessels, especially 
arterioles or capillaries. The constriction of 
arterioles is mediated by the action of 
nerves on the smooth muscle fibres of the 


VASODILATION 


arteriole walls and results in an increase in 
blood pressure. 


vasodilation (vasodilatation) The increase 

-in the internal diameter of blood vessels, es- 
Pecially arterioles or capillaries. The vasodi- 
lation of arterioles is mediated by the action 
of nerves on the smooth muscle fibres of 
the arteriole walls and results in a decrease 
in blood pressure. 


vasomotor nerves The nerves of the *au- 
tonomic nervous system that control the di- 
ameter of blood vessels, Vasoconstrictor 
nerves decrease the diameter (see vasocon- 
Striction); vasodilator nerves increase it (see 
vasodilation). 


vasopressin (antidiuretic hormone; 
ADH) A hormone, secreted by the posteri- 
Or *pituitary gland, that Stimulates absorp- 
tion of water by the kidneys and thus con- 
trols the concentration of body fluids. 
Vasopressin is produced by specialized nerve 
cells in the hypothalamus of the brain and 


in a disorder known as di, 
which large volumes of urine are excreted; 


it is treated by administration of natural or 
synthetic hormone. 


Vegetative propagation (vegetative re- 
production) 1. A form of "asexual repro- 
duction in plants whereby new individuals 
develop from specialized multicellular struc- 
tures (e.g. *tubers, *bulbs) that become de- 
tached from the parent plant. Examples are 
the production of Strawberry plants from 
"runners and of gladioli from daughter 
*corms. Artificial methods of vegetative 
Propagation include grafting (see graft), 
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“budding, and making “cuttings. 2. Asexual 
reproduction in animals, e.g. budding in Hy- 
dra. 


vein l. A blood vessel that carries blood 
towards the heart. Most veins carry deoxy- 
genated blood (the “pulmonary vein is an 
exception). The largest veins are fed by 
smaller ones, which are formed by the 
merger of *venules. Veins have thin walls 
and a relatively large internal diameter. 
"Valves within the veins ensure that the 
flow of blood is always towards the heart. 
Compare artery. 2. A vascular bundle in a 
leaf (see venation). 3. Any of the tubes of 
chitin that strengthen an insect's wing. 


velamen A whitish spongy sheath of dead 
empty cells that surrounds the aerial roots 
of “epiphytic plants, such as orchids. It ab- 
sorbs any surface water on the roots. 


velum See annulus, 


vena cava Either of the two large veins 
that carry deoxygenated blood into the right 
atrium of the heart. The precaval vein (ante- 
nior OF superior vena cava) receives blood 
from the head and forelimbs; the postcaval 
vein (posterior or inferior vena cava) drains 
blood from the trunk and hindlimbs. 


venation 1. The arrangement of veins (vas- 
cular bundles) in a leaf. The leaves of dicot 
yledons have a central main vein (midrib) 
with side branches that themselves further 
subdivide to form a network (net or reticu- 
late venation). The leaves of monocotyledons 
have parallel veins (parallel venation). 2. The 
arrangement of the veins in an insect'ó 
wing, which is often important in classifica- 
tion. 


ventral Describing the surface of a plant or 
animal that is nearest Or next to the ground 
or other Support, ie. the lower surface. In 

i animals, such as man, it is the for- 


ward-directed (*anterior) surface. Compare 
dorsal. 


ventricle 1. A chamber of the *heart that 
receives blood from an *atrium and pumps 
it into the arterial system. Amphibians and 
fish have a single ventricle, but mammals, 
birds, and reptiles have two, pumping deox- 
Ygenated blood to the lungs and oxygenated 
blood to the rest of the body, respectively. 
2. Any of the four linked fluid-filled cavities 
in the brain of vertebrates. One of these 
cavities is in the *medulla oblongata, two 
are in the cerebral hemispheres (see cere- 
brum), and the: fourth is in the posterior 
Part of the *forebrain. The ventricles con- 
tain cerebrospinal fluid" filtered from the 
blood by the *choroid plexus 


venule A small blood vessel that receives 
blood from the capillaries and transports it 
to a vein. 


vermiform appendix See appendix. 


Vernalization The application of a cold 
treatment to germinating seeds or seedlings 
to ensure flowering. Many plants, including 
Winter cereals, will not flower unless sub- 
Jected to a period of chilling early in their 
development. Winter cereals are therefore 
Sown in the autumn for flowering the fol- 
lowing year. However, if germinating seeds 
are artificially vernalized they can be sown 
in the spring for flowering the same year. 


vertebra Any of the bones that make up 
the ‘vertebral column. In mammals each 
Vertebra typically consists of a main body, 
OF centrum, from which arises a-neural arch 
through which the spinal cord passes, and 
transverse processes projecting from the side. 
There are fi ʻe groups of vertebrae, special- 
ized for various functions and varying in 
number with the species. In man, for exam- 
Ple, there are 7 *cervical vertebrae, 12 *tho- 
Tacic vertebrae, 5 *lumbar vertebrae, 5 fused 
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VESSEL 


*sacral vertebrae, and 5 fused *caudal verte- 
brae (forming the *coccyx). - 


vertebral column (backbone; spinal col- 
umn; spine) A flexible bony column in 
vertebrates that extends down the long axis 
of the body and provides the main skeletal 
support. It also encloses and protects the 
“spinal cord and provides attachment for 
the muscles of the back. The vertebral col- 
umn consists of a series of bones (see verte- 
bra) separated by discs of cartilage (interver- 
tebral discs). It articulates with the skull by 
means of the *atlas vertebra, with the ribs 
at the *thoracic vertebrae, and with the pel- 
vic girdle at the sacrum (see sacral verte- 
brae). 


Vertebrata (Craniata) The largest subphy- 
lum of the *Chordata, comprising all those 
animals with backbones (see vertebral col- 
umn). The replacement of the rigid noto- 
chord by the.more flexible backbone has 
permitted vertebrates a greater degree of 
movement and subsequent improvement in 
the sense organs and enlargement of the 
brain. The brain is enclosed in a skeletal 
case, the cranium. There are seven extant 
classes: *Agnatha -(jawless fishes), *Elas- 
mobranchii (cartilaginous fishes), —*Os- 
teichthyes (bony fishes), *Amphibia, *Rep- 
tilia, *Aves (birds), and *Mammalia. 


vesicle A small, usually fluid-filled, mem- 
brane-bound sac within the cytoplasm of a 
living cell. Vesicles form part of the *Golgi 
apparatus. 


yessel 1. (in botany) A tube within the 
*xylem composed of joined *vessel elements. 
Vessels facilitate the efficient movement of 
water from the roots to the shoots and 
leaves of a plant. 2. (in zoology) Any of 
various tubular structures through which 
substances are transported, especially a 
blood vessel or a lymphatic vessel. 


VESSEL ELEMENT 


vessel element A type of cell occurring 
within the *xylem of flowering plants, many 
of which, end to end, form water-conducting 
vessels. Vessel elements are frequently. very 
broad and have side walls thickened by de- 
Posits of lignin over most of the surface 
area. However the end walls arc broken 
down to provide connections with the cells 
both above and below them. Compare tra- 
cheid. 


vestigial organ 
that has diminished in size during its evolu- 
human 
appendix and the wings of the ostrich. 


vibrio Any comma-shaped bacterium, Gen- 
erally, vibrios are 


causal agent of cholera. 


lymph 
Villi 


virion See virus, 


virology The scientific 
See microbiology, 


virulence The i lucing ability of a 
microorganism. See also pathogen. 


Study of *viruses, 
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virus A particle that is too small to be seen 
with a light microscope or to be trapped by 
filters but is capable of independent metab- 
olism and reproduction within a living cell. 
Outside its host cell a virus is completely 
inert. A mature virus (a virion) ranges in 
size from 20 to 400 nm in diameter. It con- 
sists of a core of nucleic acid (DNA or 
RNA) surrounded by a protein coat (cap- 
sid). Some bear an outer envelópe (enveloped 
viruses). Inside its host cell the virus initi- 
ates the synthesis of viral proteins and un- 
dergoes replication. The new virions are re- 
leased when the host cell disintegrates. 
Viruses are parasites of animals, plants, and 
some bacteria (see bacteriophage). Viral dis- 
cases of animals include the common cold, 
influenza, smallpox, herpes, hepatitis, polio, 
and rabies (see adenovirus; arbovirus; 
herpesvirus; — myxovirus; ^ papovavirus; 
picornavirus; poxvirus);- some viruses are al- 
so implicated in the development of cancer 
(see oncogenic). Plant viral diseases include 
various forms of yellowing and blistering of 
leaves and stems (see tobacco mosaic virus). 
Antibiotics are ineffective against viral dis- 
eases but *vaccines provide good protection. 


visual purple See rhodopsin. 


Vital stainin; I8 A technique in which 8 
harmless dye is used to stain living tissue 
for microscopical observation. The stain 
may be injected into a living animal and the 
Stained tissue removed and examined (intra- 
vital staining) or the living tissue may be re- 
Moved directly and subsequently stained 
Gupravital staining). Microscopic organisms, 
such as Protozoa, may be completely im- 
mersed in the dye solution. Vital stains in- 
clude trypan blue, vital red, and Janus 
green, the latter being especially suitable for 
Observing mitochondria, 


vitamin One of a number of organic com- 
Pounds required by living organisms in rela- 
tively small amounts to maintain normal 
health. There are some 14 generally recog- 


= 


nized major vitamins: the water-soluble *vi- 
tamin B complex (containing 9) and *vita- 
min C and the fat-soluble *vitamin A, 
*vitamin D, ‘vitamin E, and ‘vitamin K. 
Most B vitamins and vitamin C occur in 
Plants, animals, and microorganisms; they 
function typically as *coenzymes. Vitamins 
A, D, E, and K occur only in animals, espe- 
cially vertebrates, and perform a variety of 
metabolic roles. Animals are unable to man- 
ufacture many vitamins themselves and 
must havé adequate amounts in the diet. 
Foods may contain vitamin precursors 
(called provitamins) that are chemically 
changed to the actual vitamin on entering 
the body. Many vitamins are destroyed by 
light and heat, e.g. during cooking. 


vitamin A. (retinol) A fat-soluble vitamin 
that cannot be synthesized by mammals and 
Other vertebrates and must be provided in 
the diet. Green plants contain precursors of 
the vitamin, notably carotenes, that are con- 
verted to vitamin A in the intestinal wall 
and liver. The aldehyde derivative of vita- 
min A, retinal, is a constituent of the visual 
Pigment *rhodopsin. Deficiency affects the 
eyes, causing night blindness, xerophthalmia, 
and eventually total blindness. The role of 
vitamin A in other aspects of metabolism is 
less clear; it may be involved in controlling 
*ATP production and the growth of epithe- 


vitamin B complex A group of water-sol- 
uble vitamins that characteristically serve as 
Components of ‘coenzymes. Plants and 
many microorganisms can manufacture B vi- 
tamins but dietary sources are essential for 
Most animals. Heat and light tend to de- 
stroy B vitamins. 
Vitamin B, (thiamin(e)) is a precursor of 
thiamine pyrophosphate, 
which functions in carbohydrate metabolism. 
Deficiency leads to beriberi in humans and 
to polyneuritis in birds. Good sources in- 
Clude brewer's yeast, wheatgerm, beans, 
Peas, and green vegetables. 
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VITAMIN C 


Vitamin B, (riboflavin) occurs in green 
vegetables, yeast, liver, and milk. It is a 
constituent of the coenzymes *FAD and 
FMN, which have an important role in the 
metabolism of all major nutrients as well as 
in the oxidative phosphorylation reactions of 
the *electron transport chain. Deficiency of 
B, causes inflammation of the tongue and 
lips and mouth sores. 

Vitamin B, (pyridoxine) is widely distrib- 
uted in cereal grains, yeast, liver, milk, etc. 
It is a constituent of a coenzyme (pyridoxal 
phosphate) involved in amino acid metabo- 
lism. Deficiency causes retarded growth, 
dermatitis, convulsions, and other symp- 
toms. 

Vitamin B, 3 (cyanocobalamin) is manufac- 
tured only by microorganisms and natural 
sources are entirely of animal origin. Liver 
is especially rich in it. One form of B; 
functions as a coenzyme in a number of re- 
actions, including the oxidation of fatty 
acids and the synthesis of DNA. It also 
works in conjunction with “folic acid (an- 
other B vitamin) in the synthesis of the 
amino acid methionine and it is required for 
normal production of red blood cells. Vita- 
min B, can only be absorbed from the gut 
in the presence of a glycoprotein called in- 
trinsic factor; lack of this factor or deficien- 
cy of B,; results in pernicious anaemia. 

Other vitamins in the B complex include 
*nicotinic acid, *pantothenic acid, *folic ac- 
id, *biotin, and *lipoic acid. See also cho- 
line. 


vitamin C (ascorbic acid) A colourless 
crystalline water-soluble vitamin found espe- 
cially in citrus fruits and green vegetables. 
Most organisms synthesize it from glucose 
but man and other primates and various 
other species must obtain it from their diet. 
It is required for the maintenance of healthy 
connective tissue; deficiency leads to scurvy. 
Vitamin C is readily destroyed by heat and 
light. 


VITAMIN D 


vitamin D A fat-soluble vitamin Occurring 
in the form of two steroid derivatives: vita- 
min D; (ergocalciferol, or calciferol), found 
in yeast; and vitamin D; (cholecalciferol), 
Which occurs in animals. Vitamin D; is 
formed from a steroid by the action of 
ultraviolet light and D; is produced by the 
actión of sunlight on a cholesterol derivative 
in the skin. Fish-liver oils are the major di- 
etary source. The active form of vitamin D 
is manufactured in response to the secretion 
Of "parathyroid hormone, which Occurs 
when blood calcium levels are low. It causes 
increased uptake of calcium from the gut, 
which increases the Supply of calcium for 
bone synthesis. Vitamin D deficiency causes 
Tickets in growing animals and osteomalacia 
in mature animals. Both conditions are 
characterized by weak deformed bones. 


vitamin E (tocopherol) A fat-soluble vita- 
min consisting of Several closely related 
compounds, deficiency of which leads to a 
range of disorders in different Species, in- 
cluding muscular dystrophy, liver damage, 
and infertility. Good Sources are cereal 
Brains and green Vegetables. Vitamin E pre- 
unsaturated. fatty 
acids in cell membranes, so maintaining 


iciency of 


vitelline membrane See egg membrane, 


vitreous humour The colourless jelly that 
fills the space between the lens and the Teti- 
na of the vertebrate eye. 


viviparity 1. (in Zoology) A form of Tepro- 
duction in animals in which the developing 
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embryo obtains its nourishment directly 
from the mother via a *placenta or by other 
means. Viviparity occurs in some insects 
and other arthropods, in certain fishes, 
amphibians, and reptiles, and in the majori- 
ty of mammals. Compare  oviparity; 
Ovoviviparity. 2. (in botany) a. A form of 
“asexual reproduction in certain plants, such 
as the onion, in which the flower develops 
into a budlike structure that forms a new 
Plant when detached from the parent. b. 
The development of. young plants on the in: 
florescence of the parent plant, as seen in 
certain grasses and the spider plant. 


Vocal cords A pair of elastic membranes 
that project into the “larynx in air-breathing 
vertebrates. Vocal sounds are produced 
when expelled air Passing through the lar- 
ynx vibrates the cords. The Pitch of the 
Sound produced depends on the tension of 
the cords, which is controlled by muscles 
and cartilages in the larynx. 


control of the will and is generally attached 
to the skeleton. An individual muscle con- 
sists of bundles of long muscle fibres, each 
containing many nuclei, the whole muscle 
being covered with a strong connective tis- 
sue sheath (epimysium) and attached at each 
end to a bone by inextensible *tendons. 
Each fibre contains smaller fibres (my- 
ofibrils) having alternate light and dark 
bands (sarcomeres), which are responsible 
for the muscle's contractile ability and its 
typical striped appearance under the micro- 
Scope. 


The end of the muscle that is attached to 
à nonmoving bone is called the origin of the 
muscle; the end attached to a moving bone 
is the insertion. As a muscle contracts it be- 
comes shorter and fatter, moving one bone 
Closer to the other. Since a muscle cannot 
expand, another muscle (the extensor, or an- 
fagonist) is required to move the bone in the 
Opposite direction and Stretch the first mus- 


scle (known as the flexor, or agonistic mus- 
cle). 


vulva The external opening of the *vagina, 
comprising in women the female external 
genitalia — two pairs of fleshy folds of tis- 
sue (the /abia). 


W 


Wallace's line An imaginary line that runs 
between the Indonesian islands of Bali and 
Lombok and represents the separation of 
the Australian and Oriental faunas. It was 
Proposed by the naturalist A. R. Wallace 
(1823-1913) who had noted that the mam- 
mals in Southeast Asia are different from 
and more advanced than their Australian 
counterparts. He suggested this was because 
the Australian continent had split away 
from Asia before the better adapted placen- 
tal mammals evolved in Asia. Hence the 
isolated Australian marsupials and mono- 
tremes were able to thrive while those in 
Asia were driven to extinction by competi- 
tion from placental mammals. See also z00- 
geography. 


warfarin 3-(alpha-acetonylbenzyl)-4-hydrox- 
yeoumarin: a synthetic *anticoagulant used 
both therapeutically in clinical medicine 
and, in lethal doses, as a rodenticide. 


warm-bloodedness See homoiothermy. 


warning coloration (aposematic colora- 
tion) The conspicuous markings of an 
animal that make it easily recognizable and 
warn would-be predators that it is a poison- 
Ous, foul-tasting, or dangerous species. For 
example, the yellow-and-black striped abdo- 
men of the wasp warns of its sting. See also 
mimicry. 
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WARNING COLORATION 


bundle of muscle fibres 


S 


single 
muscle fibre 


myofibril 


du dii 


sarcomere units 
containing contractile 
proteins, visible as 
light and dark 

bands 


extensor 
relaxed 
insertion tendon 
limb flexed 
flexor relaxed extensor 
contracted 


limb extended 
Structure and action of a voluntary muscle 


WATSON-CRICK MODEL 


Watson—Crick model The double-strand- 
ed twisted ladder-like molecular structure of 
*DNA as determined by the US biochemist 
James Watson (1928— ) and the British bi- 
ochemist Francis Crick (1916— ) at Cam- 
bridge, England, in 1953. It is commonly 
known as the double helix, 


wax Any of various solid or semisolid sub- 
stances. There are two main types. Mineral 
waxes are mixtures of hydrocarbons with 
high molecular weights. Paraffin wax, ob- 
tained from “petroleum, is an example. 
Waxes secreted by plants or animals are 
mainly esters of fatty acids and usually have 
a protective function. Examples are the 
beeswax forming part of a honeycomb and 
the wax coating on some leaves, fruits, and 
Seed coats, which acts as a Protective water- 
impermeable layer Supplementing the func- 
tions of the cuticle, The seeds of a few 
Plants contain wax as a food reserve. 


Weismannism The theory of the continuity 
of the germ plasm Published by August We- 
ismann (1834-1914) in 1886. Tt Proposes 
that the contents of the Teproductive cells 


(sperms and ova) are passed on unchanged 
from one generat 


pper jaw on 
mouth of the toothless 
forming a sieve, 
ton on which the 


whales See Cetacea. 


white blood cell See leucocyte. 


white matter Part of the tissue that makes 
up the central nervous system of vertebrates. 
It consists chiefly of nerve fibres enclosed in 
whitish *myelin sheaths. Compare grey mat- 
ter. 


wild type Describing the form of an “allele 
Possessed by most members of a population 
in their natural environment. Wild-type al- 
leles are usually *dominant. 


womb See uterus. 


wood The hard structural and water-con- 
ducting tissue that is found in many peren- 
nial plants and forms the bulk of trees and 
Shrubs. It is composed of secondary *xylem 
and associated cells, such as fibres. The 
Wood of angiosperms is termed hardwood, 
eg. oak and mahogany, and that of gymno- 
sperms softwood, eg. pine and fir. New 
wood is added to the outside of the old 
wood each growing season by divisions of 
the vascular cambium (see growth ring). 
Only the outermost new wood (*sapwood) 
functions in water conduction; the inner 
wood (*heartwood) provides only structural 
Support. 


X 


Xanthophyll A member of a class of oxy- 
8en-containing *carotenoid pigments, which 
provide the characteristic yellow and brown 
colours of autumn leaves. 


X chromosome See sex chromosome. 


Xeromorphic 
modifi 
that 
icu 


Describing the structural 
cations of certain plants (*xerophytes) 
enable them to reduce water loss, par- 
larly from their leaves and stems. 


Xerophyte A plant that is adapted to live 
^^ conditions in which there is either a scar- 


city of water in the soil, or the atmosphere 
is dry enough to provoke excessive transpi- 
Tation, or both. Xerophytes have special 
Structural (xeromorphic) and functional mod- 
ifications, including swollen water-storing 
Stems and specialized leaves that may bc 
hairy, rolled, or reduced to spines or have a 
thick Cuticle to lower the rate of transpira- 
tion. Examples of xerophytes are desert cac- 
ti and many species growing on sand dunes 
and exposed moorlands. Compare meso- 
Phyte; hydrophyte. 


X-ray crystallography The use-of *X-ray 
diffraction to determine the structure of 
Crystals or molecules, such as nucleic acids. 
The technique involves directing a beam of 
X-rays at a crystalline sample and recording 
the diffracted X-rays on a photographic 
Plate. The diffraction pattern consists of a 
Pattern of spots on the plate, and the crys- 
tal Structure can be worked out from the 
Positions and intensities of the diffraction 
Spots. X-rays are diffracted by the electrons 
in the molecules and if molecular crystals of 
2. Compound are used, the electron density 
distribution in the molecule can be deter- 
mined, 


X-rays Electromagnetic radiation of shorter 
Wavelength than ultraviolet radiation and 
longer wavelength than gamma radiation. 
The range of wavelengths is 107 ''m to 
10-?m. X-rays can pass through many 
forms of matter and they are therefore used 
medically and industrially to examine inter- 
nal structures. X-rays are produced for these 
Purposes by an X-ray tube. 


xylem A tissue that transports water and 
dissolved mineral nutrients in vascular 
Plants. In flowering plants it consists of 
hollow vessels that are formed from cells 
(vessel elements) joined end to end. The 
€nd walls of the vessel elements are perfo- 
Fated to allow the passage of water. In less 
advanced vascular plants, such as conifers 
and ferns, the constituent cells of the xylem 
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ZOOGEOGRAPHY 


are called *tracheids. In young plants and 
at the shoot and root tips of older plants 
the xylem is formed by the apical meri- 
stems. In plants showing secondary growth 
this xylem is replaced in most of the plant 
by secondary xylem, formed by the vascular 
*cambium. The walls of the xylem cells are 
thickened with lignin, the extent of this 
thickening being greatest in secondary xy- 
lem. Xylem contributes greatly to the 
mechanical strength of the plant: *wood is 
mostly made up of secondary xylem. See al- 
so fibre. Compare phloem. 


xylenes See dimethylbenzenes. 


Y chromosome See sex chromosome. 


yeasts A group of unicellular fungi many 
of which belong to the *Ascomycetes. Cer- 
tain species of the genus Saccharomyces are 
used in the baking and brewing industries. 


yolk The food stored in an egg for the use 
of the embryo. It can consist mainly of pro- 
tein (protein yolk) or of phospholipids and 
fats (fatty yolk). The eggs of oviparous ani- 
mals (e.g. birds) contain a relatively large 
yolk. 


Z 


zone fossil See index fossil. 


The study of the geographi- 
cal distributions of animals. The earth can 
be divided into several zoogeographical re- 
gions separated by natural barriets, such as 
oceans, deserts, and mountain ranges. The 
characteristics of the fauna of each region 


ZOOLOGY 


are believed to depend particularly on the 
process of *continental drift and the stage 
of evolution reached when the various land 
masses became isolated. For example Aus- 
tralia, which has been isolated since Creta- 
ceous times, has the most primitive native 
mammalian fauna, consisting solely of mar- 
supials and monotremes. See also Wallace’s 
line. 


zoology The scientific study of animals, in- 
cluding their anatomy, physiology, biochem- 
istry, genetics, ecology, evolution, and beha- 
viour. 


zooplankton The animal component of 
*plankton. All major animal phyla are rep- 
resented in zooplankton, as adults, larvae, 
or eggs; some are just visible to the naked 
eye but most cannot be seen without magni- 
fication. Near the surface of the sea there 
may be many thousands of such animals 
per cubic metre. 


zwitterion (ampholyte ion) An ion that 
has a positive and negative charge on the 


same group of atoms. Zwitterions can be 
formed from com 


has the formula H;N.CH,.COOH. How. 
ever, under neutral conditions, it exists in 
the different form of the zwitterion 
*H,N.CH,.COO-, 


which can be regarded 


as having been Produced by an internal 
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neutralization reaction (transfer of a proton 
from the carboxyl group to the amino 
group). Glycine therefore has some proper- 
ties characteristic of ionic compounds, e.g. à 
high melting point and solubility in water. 
In acid solutions, the positive ion 
*H,NCH,COOH is formed. In basic solu- 
tions, the negative ion H,NCH,COO~ pre- 
dominates. The rame comes from the Ger- 
man zwei, two. 


zygomorphy See bilateral symmetry. 


zygospore A zygote with a thick ec 
wall, formed by some algae and fungi. 
results from the fusion of two gametes, 
neither of which is retained by the parent in 
any specialized sex organ (such as an 0080% 
nium). It enters a resting phase before 
germination. Compare oospore. 


zygote A fertilized female *gamete: i 
product of the fusion of the nucleus of s 
ovum or ovule with the nucleus of 
Sperm or pollen grain. See fertilization. 


zymogen Any inactive enzyme pecu 
that, following secretion, is chemically me 
tered to the active form of the enzyme, 
example, the protein-digesting enzyme Buc 
sin is secreted by the pancreas as the DRM 
Ben trypsinogen. This is changed in c 
small intestine by the action of another 
zyme, enterokinase, to the active form. 


Appendix 1 SI units 


Table 1.1 Base and supplementary SI units 


dose equivalent 


Physical quantity Name Symbol 
length metre m 
mass kilogram kg 
time second E 
electric current ampere A 
"thermodynamic temperature kelvin K 
luminous intensity candela cd 
amount of substance mole mol 
*plane angle radian rad 
*solid angle steradian sr 
*supplementary units 
Table 1.2 Derived SI units with special names 
Physical quantity Name of SI unit D de 
frequency hertz Hz 
energy joule J 
force newton N 
power watt Ww 
pressure pascal Pa 
electric charge coulomb C 
electric potential difference volt v 
electric resistance ohm Q 
electric conductance siemens S 
electric capacitance farad F 
magnetic flux weber Wb 
inductance henry H 
magnetic flux density tesla T 
(magnetic induction) 
luminous flux lumen Im 
illuminance lux Ix 
absorbed dose gray Gy 
activity becquerel Bq 
sievert Sv 


Table 1.3 Decimal multiples and submultiples to be used with SI 


units 

Submultiple Prefix Symbol Multiple Prefix Symbol 
107! deci d 10 deca da 

10? centi c 10? hecto h 

10-3 milli m 10° kilo k 

10-¢ micro p 10$ mega M 

107? nan n 10? giga G 

1077 pico P 102 tera T 

10755 femto f 1075 peta P 

10715 atto a 10!8 exa E 


Table 1.4 Conversion of units to SI units 


ENS n OPNS 


rom 


in 

ft 

Sq. in 
Sq. ft 
cu. in 
cu. ft 
I(itre) 
gal(lon) 
gal(lon) 
miles/hr 


mmHg 
atmosphere 
hp 

erg 

eV 

kWh 

cal 


To Multiply by 

m 2.54 x 107? 

m 0.3048 

m? 6.4516 x 107* 
m? 9.2903 x 107? 
m 1.63871 x 105 
m 2.83168 x 1077 
m? 1073 

m? 4.546 09 x 1073 
Kitre) 4.546 09 

Eaa 0.477 04 

ms 0.277 78 

kg 0.453 592 

kg m^ 10° 

kg m? 2.767 99 x 104 
N 10-5 

N 9.806 65 

N 0.138 255 

N 4.448 22 

Pa 133,322 

Pa 1.013 25 x 10° 
Ww 745.7 

J 10-7 

J 1.602 10 x 10-19 
J 3.6 x 10° 

J 4.1868 
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Geological time scale 


The Concise Dictionary of Biology is derived from 
the Concise Science Dictionary, published in 1984. 
Its principal features include: 


9 coverage of commonly encountered terms and 
Concepts in biology, biophysics, and 
biochemistry 

@ explanatory entries, giving definitions and 
background information 


€ line drawings and cross-references to enhance 
understanding 


A. Concise Dictionary of Physics and a Concise 
Dictionary of Chemistry are also available. 
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